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BASIC REQUIREMENTS F F MANUSCRIPTS 


se et This Journal represents an effort by the Society to deliver vilatanie to the 
reader with | the greatest possibie speed. 1. To this end the material herein n has 
none of the usual editing required in more formal publications, 
Original papers and discussions of current papers should be submitted to the 
of Technical Publications, ASCE. Authors should indicate the technical x 
division to which the paper should be referred. The final date on which a 
cussion should reach the Society is given as a footnote with each paper. Those “f 
are planning to submit material will expedite the “review. and publication 
‘procedures by y complying with the following basic requirements: 


1. Titles have a length not exceeding 50 characters and spaces. 
4 


2. A 50- word should the Paper. & 


a oral presentation must be rewritten into the t pid person before wg submitted. se 


The author's full name, Society membership grade, and footnote reference 


a ‘stating: present employment should appear on the first page of the paper, ye 

‘5. Mathematics are_ reproduced directly from. the copy. that is submitted. 

/ Because e of this, it is necessary that capital letters be drawn, in black ink, Yin. aS 
ne high (with all other symbols and characters in the proportions dictated by e 
standard drafting practice). and that no line of mathematics be longer t than 642-in. 
Rs Ribbon copies of typed equations may ‘be used but they will be proportionately Ey 


(6 _ Tables should be typ ed (ribbon ‘copies) on one § side of 814+ in. by Il¢n.— 
with a 6-in. by 10 invisible frame. Small tables should be grouped 
> within this frame. Specific reference and explanation should be made in the: 


Illustrations should be drawn in black ick on one side of 8Y-in. by 11 in. 
paper within an invisible frame that measures 62-in. by 10%-in.; the caption A 
should also be included within the frame. Because illustrations will be reduced © Peg 
to 69% of the original size, the capital letters should be Yg-in. high. Photographs 
_ should be submitted as glossy prints in a size that is less than 6¥-in. “by 10% in. 


a Explanations and descriptions should be made within the text for each illustration. 4 


Papers should average about 12,000 words in should be n 
longer than 18,000 words. As an approximation, each full ‘of typed text, 


+ ry 
table, or illustration is the equivalent of 300 words. ay 
Farther concerning the preparation of Aechitical | papers” is 


tained in the “Technical “Handbook” ‘which can be obtained from 


Reprints from this Journal may be made on condition that the full title of 2 

‘paper, name of author, page reference paper number), and date 

publication by the Society given. Society is not responsible: for any 

This" Journal. is published | bi-monthly by the American Society ‘of > 

ngineers. Publication office is at 2500 South State Street, Ann Arbor, Michigan. 
+ 4 ‘Editorial and General Offices are at 33 West 39 Street, New York 18, New York. ay: . 

00 of a member's dues are applied as a subscription to this Journal. Second- 


ris 


= 
4 
‘4 
4 
4 
4 | 
4 
& 
— 
_ 
| 
| 
7 
: 
— 
3 
4 
| 
me 
¥ 
4 
: 


Journal of 


POWE R 

of A 


POWER DIVISION | 
John F. Bonner , Chairman; Marcel P. Aillery, Vice- Chairman; 
George R. Strandberg; George J. Richard R. Randolph, Secretary 
is COMMITTEE ON PUBLICATIONS 
‘Chairman; Alan J. Michael; James M. Mullarkey 


April, (1959900 


¢ aber: 


4 
Aspects of Santa Susana Station 
_ by Dallas I. Downs, George E. Deegan and Robert F.  Boggus .. . 
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P roceedings of An 


GINEERING ASPECTS OF THE SANTA SUSANA _ 

Dall as Downs, 1¢ Goong E. and Robert F. Boggus,3 J. M. ASCE 


Description with charts and ofa reactor with 
4 associated power plant near Los Angeles, including construction details; re- 
actor design; radiation shielding; fuel and waste handling; water treatment; | ‘a 


Method of plant start- “up and ‘Qperating to di date are. 


the U. S. "Atomic Energy Commission aimed at expanding the known area 
information on the sodium graphite reactor concept. _ One phase of this ig 
program consisted of the design, construction, and operation of a 20 MW oat 
(thermal) Sodium Reactor Experiment (SRE). An analysis of constraction, 
methods and materials, operating procedures, fuel element performance, and 
‘maintenance costs the is to much oe this s required 


Site Location 


Note: Discussion open until ‘September 1, 1959. To extend the one 


_ a written request must be filed with the Executive ranger ASCE. Paper 2006 is 
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| Co., LOS Angeles, Call, 
Supervisor of Development, Sodium Reactor Experiment, Atomics 
national Div. of North Am. Aviation, Inc., Conoga Park, 

3. Sr. Design Engr., Atomics International Div. of North Am. Aviation, 


facility. Prime importance had to be } aicedien upon achieving public ee 
_ of a nuclear ‘reactor program, as well as upon conforming to all existing bee 
P codes and regulations. . North American Aviation began a search for ra | suitable ple 


site which the answer to their threefold problem of: 


1. “Isolating the facility from heavily ‘populated areas. 
2. - Providing sufficient water, power, and other utilities foe an extensive | 
construction program and an extended research effort. as 
convenient engineering contact with the corporate offices 


in the Los Angeles area. 


"After careful review it was decided to locate the plant within an area a ad- 
q jacent to the existing North American Aviation field laboratory in the Simi — ee 
Hills. :. The site is approximately 36 miles northwest of downtown Los Angeles. | 


Description of Santa Susana Area 
Description of Santa Susana Arex 


ar ‘The Simi composed of marine 1e sediments consisting of 
tightly cemented sandstones and shales of the Upper Cretaceous Age. _ These 
_ layers are relatively impervious and are tilted with a resulting strike of 325° 
and a dip of approximately 22°. The exposed ‘strata have a maximum thickens 
of about 30 feet. _ In many places they are fractured and large monoliths have 7 
broken loose and are scattered on | the hillsides. The shales tend to decompose > 
rather rapidly when exposed to the weather. 
a - Since the site is located approximately 16 ‘miles es from. the San an Gabriel 
fault the area can be considered as free from seismic disturbances as any in 
the vicinity of Los Angeles. There are several inactive faults in the a area, a i“ 
_ however, and at depths of 500 - 1000 feet the fissures and fractures of these e 
: faults contain a water bearing stratum. Wells drilled into this pervious ma-_ ry 
terial deliver an average of 155 g.p.m. tie 
_ The hills surrounding the reactor (Fig. No. 1) are too rough for any use- 
2 purpose and it is this barren area which provides the required isolation a 
7 for the reactor. ‘The site is unique in that it has the necessary security re- 
quirements and yet is located within convenient commuting distance of a 
7 major metropolitan community and its industrial and scientific resources. ge 
. A two-lane asphalt surfaced road connects the field laboratory with the 
{ community of Canoga Park. _Improvement of two miles of dirt road provided 
ba I access to the reactor site. Electrical power from Southern California Edison 
: Company and water from wells in the immediate ; area fulfilled the site re- . 


ae ae In the final design of the SRE the top » of ‘the ; reactor, and the ee 


the associated equipment and piping are below | erie, * The control 1 room, 2 
cranes and handling equipment are above — 


wil Site and foundation excavation began early in 1955. 


- floor of the reactor building are at grade level. The reactor core and all of Rag © | 
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_ of the area. 
hot cells, the bridge cranes, and the primary vaults rest « on this rock. 
Reinforced concrete was extensively used for reactor building 
"structures. . Dense concrete, Sp. Gr. 3.6, with graded magnetite iron ore as 
_ aggregate, was utilized as radiation shielding around the core, in the blocks 
_ covering the pipe galleries, and in the walls inclosing the hot cells. The 
cover over the reactor core provides the required shielding as well as access 
for fuel and control elements. A cylindrical steel shell, stepped to prevent ze 
_ radiation streaming, was filled with magnetite coarse aggregate (min, size “ea 
3/8") and then intrusion grouted using magnetite fines, and cement. _ Addition- 


a al shielding materials employed at the SRE include, steel plate, lead shot, _ 
ee: With low operating pressures, and coolant- fuel ‘<maiinnes, | it was not 

necessary to provide a pressure containment vessel for the reactor. ‘There 
are, however, three separate positive inclosures of the radioactive sodium. ; 
a Fig. No. 3) The cavity formed by the concrete biological shield is lined with | 
4 carbon steel tank. An outer tank of alloy steel fits within this cavity liner. 
& stainless steel tank contains the core and is supported within the outer — 


liner. 


Re Spread concrete footings support the ae steel frame o of the reactor 
bu 


ilding. Separate steel columns supported on combined footings carry | the | 
- 75 ton bridge crane. . Concrete panels w were precast on the site and tilted into 
place to form the sides of the reactor structure. Caulking between the am, 
and seals around openings provide a secondary inclosure in the event of an —_ 
accidental radioactive release within the building. The inclosure philosophy 
_ was continued in the design of the ventilating system. A slight negative 
™ _ pressure is maintained in the reactor | r building and discharged airis first 
Ny passed through absolute filters to remove particulate matter. gee 
‘Fuel handling facilities a are required in m order to. parent or replace any = 
_ the SRE core elements. The fuel cask must provide for radiation 0 vl 
_and gas containment during the handling operation. (Fig. No. 


| 


‘The SRE fuel cask is a cylindrical container, 35 feet in overall height and 
_ weighing 50 tons. It has a maximum thickness of 9 inches of lead shielding = 
nd near its base. _ Cooling is provided by means of a blower which circulates air i 
The fuel cask is supported by a carriage which rides on rails on the a 
of the 75 ton means it can positioned at any point within 
___ In operation, the cask is located over a selected fuel plug. A seal mecha-_ 
“ nism is lowered od to effect a gas-tight seal with the reactor vessel. A grapple 
:. assembly is lowered which engages the fuel element plug. The plug with at- - 
tached element is then raised the — interior mechaniom is 
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then rotated and an element is lowered, to take the rel of the element re-- Pah 


moved. The lower section of the amier' - then sealed and the gas seal mecha- a7 


nt 


The removed element is then to the wash cells. ‘The elem¢ 
is. washed with demineralized water and dried by evacuation of the ne cell. — 
Ninety- six fuel s storage cells are ‘provided. “These cells are set in heavy 
conerete and with to remove the “afterglow ” heat. 
. A Be ha _ a result of fuel washing and possible activation of gas in the galleries, 
is necessary to provide ‘systems to handle radioactive by- ~products, 
a Radioactive liquid is pumped into holdup tanks which are contained in ‘ea 
- ghielded vaults external to the reactor building. (Fig. No. 5) The liquid is 
held in these tanks to permit radioactive decay. It is then drained into one - 
5000 gallon storage tanks. These tanks ‘are emptied periodically, 


‘ liquid is placed in drums and incased in concrete. The containers are — 
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STATIONS 
ra Radioactive gas is pumped by means of a compressor into one of four — a 
“decay tanks”. , (Fig. No. 6) The gas is sampled to determine its activity and 
decay rate. 4 When the gaseous activity has decayed to an acceptable level it e a 


SS is selected so as to reduce the activity below the maximum sum permissible ‘a. 


concentration for beta-gammaemitters.§ 


A continuous radiation monitor Samples this exhaust and 


In ‘it has been observed that an 1 extremely small of active 


<a G. Thermal Considerations and Their Effects on Design ty 

ee There are many thermal considerations which enter into the design of a a 
nuclear power Several of those went into the design of the SRE 

— thermal barrier is provided inside the reactor core tank to —* a . 

uniform temperature gradient along the core tank wall. (Fig. No. 3) se as 


In the design of the reactor core, provisions were mate to equalize the. 7 


: ture e gradient. Design provided for the use of 304 stainless -~ for the - 

_ bottom support members and 410 stainless steel for the top. The smaller 
coefficient of expansion of the 400 series stainless steel reduces the radial < 
expansion of the hotter portion of the cans and thus provides for more orm 
fuel channel alignment as the core temperature gradient increases. » a 
4 Because of the large change in density of sodium as a function of tempera- 

_ ture, component elevations were selected to provide for natural convection _ 
~ sodium flow. This convection flow provides for reactor cooling after shutdown 


or not the are in thus an inhe — 


in the control elements is high. These aniagae must be cooled and es = 


tain complete freedom of motion. This 1s by holding a 

cooled by circulating sodium. The gas anulus the control element and 
thimble is ‘Selected So as” to provide f for adequate heat transfer and yet al 
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or 
A. “= for Providing for Some Heat ee Under All Operating 4 


a ‘During reactor operation, because of the fission process, radioactive L 


These isotopes, or fission products undergo 


radioactive even the reactor shutdown. The radioactive decay 
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an 5 | __- ry constituent has been sodium-24 which decays by a factor of 10 everytwo | i 
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These particles give up their kinetic energy of motion in the form of heat, 
: ‘The power decay curve (Fig. No. . 8) illustrates the rate of power ao 
after reactor shutdown. . It is ; evident from this curve that some a should 
be provided after shutdown to remove this “afterglow” heat. 
The SRE contains an auxiliary coolant system to provide or shutdown 4 


= 


cooling. - This auxiliary system is only a backup since normal afterglow | heat 


removed by the main coolant system. 
= 


B. Desire of as Much of Reactor Heat as 


Earl Plans to Waste AL Heat 
* The experimental reactor was originally designed to dissipate all heat 


to the air through air blast heat exchangers. However, the Southern 
California Edison Company contracted to buy th this: waste heat and to sities 


it for r the production of el electrical ‘energy. 


o Desire to Get as Much ih Operating Ei Experience With the Combination of Re- 


The higher efficiencies of the modern steam been 


for the most part through higher temperatures and pressures. Liquid ql 
q 


used as the reactor coolant in the SRE promises the elevated temperatures _ 

q matching these modern stations. The ultimate result of this development will ‘ 

ae -_ be the more efficient utilization of our atomic fuel. The experience to be 
4 gained: by tying t this experimental type reactor to a steam plant is the ‘Southern 4 


California Edison Company’s contribution to extend the experimental \ value of Bs 


—— 

. Consideration ir in the Design of the Steam Generating Facility 


5. 


A. Steam Plant Site Description 

- The steam station site is located adjacent to the reactor building. (Fig. 7 
No. 9) The site is paved with asphalt concrete and is graded to drain toward e 
the east. The he easterly edge of the station is located on approximately 6 feet a 


ar ‘The poo generator, the deaerator, the steam jet air ejectors and associ- 
ated piping are supported on braced steel frames. = = 3} — 
_ The turbine generator is mounted on top of the condenser and this entire ae 
ssembly is supported on belled concrete caissons. Minor foundations and 
‘The control house is steel frame and galvanized steel 
Waste lines from the sanitary services are connected to a septic tank and» =, 


ie the steam generator foundation are all spread type footings. = i. 
| a field. Waste lines from the demineralized water plant, cooling tower 


B. Steam Plant Description 


The steam eam plant ‘installation was designed for a 6.0 - 6. 5 Elec MW load. — a 


(Fig. No. 10) ‘It consists of a turbine- — rated at 7,500 KW witha 
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liquid sodium type steam ‘generator. A second steam gener- 


_ ator not shown on the schematic has been piped in parallel to the generator — 
- shown. This generator is a zone type exchanger utilizing 2 a boiler drum and 
- guperheater section. This unit will be operated later in the experiment to de- 
er Design steam conditions at the turbine throttle are 625 psig at 825 F and 


the extraction cycle includes two stages of feedwater heating. A mixed bed 


= 


Following Reactor Lo ‘Load Closely 
incall Since the primary function of the reactor is to provide experimental data, 
— its s operation is contingent upon the various tests and experiments being = 
ducted. Accordingly, the controls which have been utilized are arranged 
-& different from that which would be the case in an atomic powered plant Ses 
4 A signed primarily for electrical generation. The power output of the reactor 
of _ not dependenat-upon the load demand but rather the electric generation is ad- 
_ justed to handle the power output of the reactor. The plant is thus started, iY & 
- operated and shut down at intervals determined by the particular experiment — 
_ in progress. This type of service is by far the hardest on steam plant — 
a equipment and increases the operational efforts of the steam plant personnel. 
, All these factors increase the experimental value of the steam plant. rea oP 


‘It was previously stated that liquid detent asa reactor coolant promised — 
"higher temperatures which give hope of reaching steam . cycle e efficiency ‘equal 
‘to the most modern steam plants. _ The use of liquid sodium as a heat con- ‘ile 


is new and the many considerations arising from its use 


It 208° F and a gravity slightly less than 

of water. It is an excellent conductor of heat. 
as Heat is removed from the reactor by liquid sodium which circulates: in a 
primary s system and becomes radioactive. (Fig. No. 11) 
eee This primary sodium transfers its heat by means of a U-tube sodium to _ 
sodium heat exchanger into a a secondary sodium loop which carries heat to the | 

«Since radioactivity is created by woutenet absorption and the neutron gener- 


ation is to the reactor core, the does not gener~ | 


is All oe is fabricated from type 304 stainless steel. Piping in 
the main circuit is schedule 40 weight and6 inches indiameter. = | 


Ry Some of the unusual features associated with liquid sodium can be realized 


_ an examination of the circulating pumps. 
bss The sodium pumps are modified hot process pumps mounted vertically. 

oe Frozen sodium seals are provided around the shaft and on the casing of the 7 hs 


_ pumps. The seal is cooled with tetralin to solidify the sodium. The seals are 
a blanketed from the atmosphere with helium gas to prevent oxidation. yey Ge 
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OUTER CASE 
A 


electromagnetic pumps are » used to sodium in the 
systems. (Fig. No. 13) These pumps have the advantage of 


q Sia All of the large sodium valves used in the primary and secondary sodiu E 
systems have the normal shaft packing replaced with a cooling jacket to to pro- 9 

_ vide | a frozen sodium seal. | (Fig. No. 14) All small valves used in the sodium 

system are of the packless bellows seal 


in Connection With the Weter ‘Supply to to the ee. 
There reactor or and ‘steam m plant installation is supplied well water. 
is pumped to ‘oa 50, waged tank located on a hill adjacent 


We —_— water make- -up is supplied at the rate of from 50 to 150 Mittin, 
minute when the ‘Plant is under full load. 


be. ‘This induced type cooling tower is designed to handle Toe gpm 


ex. 
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Requirement for High Purity Water 
oth The steam generator | now in operation at the ai is a U- te heat ex- 
‘omen with sodium flowing on the shell side and water flowing on the tube = 
_ side. . (Fig. No. 15) 1 The tubes are e double walled with mercury in the annular : 
space between the inner and outer tubes. * cr 
The mercury acts as a monitor to detect by a loss or gain of pressure a 
“Teak in either th the low pressure sodium or high pressure water side. ~~ on 
2 The steam g generator is preheated to 350 F before the introduction of 
rg sodium. _ This is accomplished by circulating heated water through the gener- 
- ator with one of the boiler feed pumps. A nitrogen pressurizing system keeps wa 


approximately 165 psig preseure on this heated water during the 
i Due to the fact that the steam generator is the once through type in — 
ow yater is heated and evaporated to complete dryness while passing through the - 
unit, solids may either deposit on the heating surfaces or carry over into i ' 
| turbine where they may form sludge on the turbine blades. The oe 
has recommended for the prevention of a a solid deposition the 
following feedwater conditions be maintained: 7 « 
a 
2. Fe 0.01 ppm (maximum) uae 
3. Solids 0.5 ppm 
4. 09 less t then ppm 
In order to keep the total solids below ‘the limits indicated, an automatic 


i —_ bed demineralizing plant has been provided to continuously or inter- or 


mittently the condensate and process all raw ‘weer: wake (Fig. Mo. hy 4 


= Rew water entering the demineralizer plant sien tats a graded 44 
anthracite and activated carbon filter. These filters remove solids in sus- 
aay Following its discharge from the filters auaieeetely 60% of the water is a a 
passed through a hydrogen zeolite cation exchanger. The filtered water 
_ cation effluent are then blended before entering a vacuum deaerator, i 
ae Water enters the deaerator tower at the top and flows downward through 2 a 
tower packing into the storage tank below. Water vapor andnon- 
_ condensable gases are drawn off through a pipe from the top of the tower a: 2 
_ exhausted to the atmosphere through a high vacuum pump. » Two booster pumps 
a Beyond the deaerator the partially treated water is blended with con- __ &§ 
_ densate. The blended water passes through two full-flow cotton filters which 
remove all suspended matter before entering the mixed bed ion exchangers. pa 
a The mixed bed units utilized cation and anion resin beads approximately 


_ Tanks of 1500 gallon capacity for acid and caustic storage are a vy 

for regeneration of « cation and anion beds. +The hydrogen zeolite cation ex- 
- changer is regenerated with acid and as a mono bed unit, however, the suc- 

f cessful regeneration of the mixed bed units depend upon the separation of the es 
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hausted ‘resulting in a change of the cation resin density. ‘alamnane 
rt. The mixed bed units are regenerated by backwashing with | iieieecsiens 
_ water. During this step the lighter anion beads rise to the top while the. heavi- 3 
er exhausted cation beads settle to the bottom. Caustic is then introduced at _ 
the top of the exchanger and acid into the bottom in a simultaneous operation. 
_ The caustic and acid combine at the -aeail and are drawn off tarongh a pipe * 
a ‘The regeneration of the beads bring them back to equal density. In order — 
to successfully re-mix the cation and anion beads the bed is flooded with 
enough water | to cover the t top of the bed and air is introduced at the bottom. = 
This air agitation re-mixes the cation with the anion beads throughout the bed. “ 
a The regeneration of any of the units in this plant is push button automatic. 
That is, after an alarm is actuated alerting the operator that a unit requires» 


regeneration, by simply button starts the unit ‘its 


ee The e: experience to date has’ shown the start-up of the ; er is very s very straight- 
forward and uncomplicated. _ The reactor and heat tr transfer systems are pre- 
heated to 350° F by use of electrical heaters. 
‘The reactor is then made critical and power slowly increased. As the | 
5 sodium temperature increases, the normal feedwater system is placed in in 
= and boiler pressure increased to 600 psig. When the sodium at 
_ temperature reaches approximately 460° F feedwater flow is started to hold ie 
_ the generator sodium outlet temperature constant at 460° ‘Steam | is 
- Reactor power is further increased at a rate to give a . 50 heiiie dak increase 
“in sodium temperature until 70° F of superheated steam is available. 
at At this point the turbine is rolled and put on the line. Reactor and feed- a 
water flow are gradually increased until full power conditions are reached. 
The combined operation of the reactor and steam plant is extremely stable 
Bees requires very little attention after steady state operation has been pas 


Steam generator pressure — 600 | psig 
‘Steam temperature a ¥ 
Electrical 


Plant efficiency 
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~ _ Other than for some stratification troubles which have been corrected, the 
steam generator has performed satisfactorily. A thorough examination of the © 


_ unit to determine the extent, if any, of stress corrosion and — deterio- 


ration has not been — 


Water « conditions at start up insofar as oxygen is ila could be 


improved by pegging the deaerator i.e. supplying it with heat directly 
a It has been found that polishing condensate once per day | has been : ‘suf- > 
to hold the total solids down to acceptable limits. 


> 
se 


— conclusion, it can be stated that the incaaniaals experience to date has 7 

demonstrated the technical feasibility of this installation. Furthermore, 


The Southern Caliiornia Edison Company has gained experience in opera 
ing a once-through type boiler requiring the highest standards of water purity 


= and treatment. : This s knowledge will have a direct application in = 


e “8 use of similar equipment in the Edison Company’s newest steam stations. 


qf 
lowering the cost of ‘shielding in future projects. 


Biological ‘Shielding required around this or any other type 


Nuclear Power Facility for Public Power District in 
: Nebraska. With this new full scale power plant in operation the design | 


— ES experience and economics will be more fully ur a pes 
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VALLEY CENTRAL CORE DAM@ 


-—The authors are to be congratulated on their 
treatment design, construction and operational features of 


the economic one, for the selection of the central - -core design is clearly given, _ 
# in the cost of the ‘compacted decomposed granite in place in the core at about 
-one- half the cost of freshly- -quarried granite in place in the e shoulders. a 
Laas f It would add to the value of the paper if the authors would explain the 2 justi- 
fication for the use of an | earthquake ¢ allowance at 0.05g in the analysis of sta- et 
bility of the rock slopes, in view of seismic activity in the general ar _— 
_ The settlement of the core at the 323 feet high maximum section, at sites 
_ 16400, over a two-year period amounts to 0.45 feet or 0.14% of the em 
“a bankment height. On the other hand settlement of the upstream berm at ele-_ = <3 
- vation 4580 amounts to about 2 feet. Even though the rockfill was placed in , 
rc relatively low lifts of 30 feet, it seems to have been well sluiced. : Consequet- a 
_ ly the differential settlement appears to have been much more significant _ : 
ia than the shallow cracks between the core and the transition zone would indi- +e 
de cate. Could this have been due to the aie se in which transition material | was 
placed during the summer | r of 1954? 
authors’ observations on deflection not the dam under load and the s sub- 
stantial rebound when the reservoir was drawn down are most valuable and e 
unusual, The net movement of the several ‘stations at which 


downstream portions of the embankment causing ‘a net movement in an up- P 
i ‘stream direction at the crest of the dam is difficult of acceptance. The be- 
haviour of ‘the dam as an imperfectly elastic structure under horizontal lond- 
ing is also rather unusual in view of the nature of the core material, ‘described — 


_ being 95% silty sand, a rather natural result of its origin by deep chemical — 


Proc. ‘Paper 1733 , August, 1958, by H L. “Moore 
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LAWTON, ! M. ASCE.—The author has established as criteria applied 
design of the Brownlee dam those considerations which enter into 
economic of any rockfill Two features are of particular note 
large ' volumes of suitable soil, and the deep overburden in the river prec 
Another aspect of major importance in securing optimum economy at Brown-_ 
lee, in common with many other rockfill dams, was the sear nen ofa lose 
balance between rock excavation and rockfill requirements. 
e _ Effective utilization of geological features usually results in | superior 
economy. . This would appear to have been fully realized in the use of the tock " 
_ nose in the left abutment, of the overburden in the river bed and of — No. * 


- a portion of the core 


~The method used to facilitate placement of the clay « core in the &§ 

portion of the core trench, despite seepage, was ingenious. It isa — 9 * 
- analogous to the use of a concrete pad on a jagged, steeply- dipping bedded ass 5 a 

formation in order to use tractor-drawn compaction equipment inthe 
- relatively- -restricted area in the lower part of a river channel, as at Kenney _ 
(1) and also achieve better grout distribution. 
_ It is rather difficult to fully appreciate how “. . . special drilled and grout- . 
_ ed holes near the left abutment” deterred some of the artesian water from 
f entering the core trench in view of the geological profile along the centre line 


3 of the core trench, Perhaps the author could amplify his o observations on this 


The of the dam during the period from February 24, 
. 1957, to some time about ~id-June through a gap about 250 feet wide at ap- =: 
. proximately Elevation 1809 provided an extremely valuable experience i 
an estimated 40,000 to 50,000 cfs flowed over the fill. _ The author’s obser- 
vations on the behaviour of the rockfill and impervious core would have iol 
much ‘more valuable if the effect on the fine and coarse filter zones had Seidel al 
“noted. ‘Information on the size of the rockfill would also be useful. Ses bs 
_ Under conclusions, the author states the “unit cost for rock vinceli § in nite 
dam is s estimated to be about half the cost for similar construction | 10 to 15 Bt 
years ago”. This is such an important factor in the choice of type of dam for 
a given location, it is to be hoped the author can justify the conclusion jonby 
ak In connection with the construction of the Brownlee dam on the consolidated _ 


-alluvials (sand, gravel and boulders), it is worth noting the left-hand bank x 


Proc. Paper 1734, August, 1958, by Torald Mundal. 
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section of met — verry is built on a maximum thickness of about 300 
feet of a succession of till and varved clay and silt strata, of glacial origin. * 
= material is obviously much finer than that underlying the Brownlee om. 


- Both Brownlee and Bersimis dams are prong examples of one of the at- + 


“ The author’ s conclusion on the feasibility of passing flood mater over iy =i 
_ partially completed rockfill dam | is an x ge one, as such a emg can 


= 4 “The Kenney Dam’. Harry Jomini. 


a. “Rockfill Dams: The Bersimis Sloping Core Dams”. F. W. Patterson and 

ii H. MacDonald. Proc. Paper 1740. Journal of the Power Division, _ “7 

 HUATI- YUN HSU, M. ASCE. stability of Brownlee rockfill dam was MM 

; briefly discussed in Mr. Mundal’s paper. The detail analysis which follows why 


rockfill ‘dams, generally, | upstream rockfill has better shear strength 


than the filter ‘zones and the filter zones better than the impervious core. * ‘Un- 7 
“less the upstream rockfill material contains too high a percentage | of fines or 
ie clay, the weakest shear plane should be in the impervious core. _ In Brownlee, 
.- critical surface selected for stability study is along ABCD as shown in © 
. ‘Fig. 1. The vertical line CE divides the wedge into two parts— —Block ABCE _ 
_ sliding down along the potential failure plane BC and Block ECD resisting the 
failure by its shearing strength along the base cD. The position of | line CD is is 
so chosen that a minimum factor of safety will be ‘obtained. The exact lo- ne 
cation of AB is immaterial, as the forces acting on it are relatively small 


‘Taking block AECE as a free body, besides force R (equal to 

W tan $R), we have the forces T and N, tangent and normal to line CD, to = 

a keep the weight Wo in equilibrium. T and N are solved by the force polygon, 
- Since the potential shearing strength, P, along the line CD is equal to 


— 


N tan + CL, the factor of safety against failure along CD is P over T. 
_ However, in computing the factor of safety for the entire surface ABCD, ‘the 


value of R should be reduced by the factor of safety before entering the force 7” 


Dex 
Me With an internal friction angle of 40 degrees for the upstream rockfill, the 
= of safety for the upstream ‘slope at Brownlee was found to be 1. 56 al << 
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reservoir with surface 


Do 
and gravel. Although dense and compacted, the riverbed foundation material 


ay” _hasa smaller angle of internal friction than the main rockfill for the dam. 
‘The stability of the downstream slope was, therefore, analyzed along the 
a [ contact surface, between the foundation and the dam, at different elevations 


across the river. . The example shown in Fig. 2 is for Of 
gt a On any vertical plane AB above the plane of investigation, there is a force 
a P, acting on the block ABC from the left. The forces acting on the base BC i 


are the vertical reaction and the horizontal shear resistance (equal to 
(Py + + 


7 


- W) tan op. Therefore the factor of safety ‘against she shear failure « on the 
~ 


“a The value and direction of the force P was determined by Engesser’s aed 


“method for cohesionless material with the reservoir water load in- 
cluded. The minimum factor of safety on the contact surface at El. 1700 was 


found for point Bata distance of 280 feet from the downstream toe of the ss. 


rockfill . The data and the result are a as follows: 
Critical tailwater elevation (max. T.W. El. 1827 fi feet. 


a Angle of internal friction for rockfill, = 9 ri es: degrees 


of internal friction for foundation 
degrees 
115 Ib/cu, ft. 


Moist weight of ‘rockfill 
~855kips 


Py 


ssible 


e x and y are the horisoatal and vertical axes, Graphic crete 
e performed easily. Ma 


t critical condition in 2 
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El ied by is ‘shown in Fig. 2 “a gsierap of internal friction of 40 degrees for >: = i 


the rockfill material, 


For cohesionless in asi state of of plastic ec equilibrium, the following 

for the angle of internal friction o of the foundation m material at 
ia a Brownlee equal to 39 degrees, the ratio of the principal stresses should \ 
exceed 4.4, The actual | maximum stress the contact surface at El. 


ITO. writer has read Mr. Mundal’s paper on Brownlee Dam 
7 with much interest as the type and scale of this dam are very similar to teenie | 
_ of the Miboro Rockfill Dam now under construction by the Electric Power De- 


— velopment Co., Ltd. of Japan. Miboro Dam is a 1 sloping core rockfill dam of _ 
130 meter (426 feet) (Fig. 1 began in 1957 and is scheduled to 


ey, 


‘The bed rock | in the and granite 
porphyry. The bed rock of the right abutment is rather poor as talus deposits 
are found along the lower slope on the porphyritic rocks mentioned above an Bi 
- as cracks have developed in the bed rock itself. In the left abutment, quartz 
porphyry of relatively good quality is found exposed at several spots, but thick 
_ talus deposits cover the upstream and downstream sides of the abutment. Sy “s 
‘Thickness of the in the river is thin and is less than 

conspicuous fault is the toe in the right abutment of the 
_ and is parallel with the river. . The dip of this fault is about 70° NE, and the — 


v=. 
4.6 


mainder consisting of crushed rock. 


Selection of Ty 


gal gravity type of aati pen was first planned, but due to unfavorable My 
conditions and especially owing to the right abutment fault, it was = 


- found that the volume of foundation excavation and concrete would have to be . 7 
increased. Foundation treatments would also become more involved. More- 
over, it was found that rock of good quality and materials suitable for an im- oe ae 

_ pervious core zone > could be found in areas not very far from the dam site. aS. = 
_ For these reasons, a rockfill dam design was selected. . A sloping core type + fe 
1. Chief of Construc ion, Miboro Dam Electric | 
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of ‘rockfill dam, a: as shown in Fig. 2, was designed based on snvestigation r 
sults of materials found near the dam site. 
bak ae Volume of the dam is 7 ,950,000 m3 (10,400,000 cu. yd.) ‘iit is broken 
down as follows: main rockfill, 3, 720, 000 m3 (4, 880,000 cu. yd. ); upstream 


 rockfill, 1 ,760,000 m3 (2,310 ,000 cu. yd. ); impervious core, 630,000 m3 
(2,140 000 cu. and filter 840 ,000 (1,100, 000 cu. yd. 


Excavation 1,500, 000 m3 


August 1958. Bed rock for ‘the ieurhdation of the core zone was completely ex- 
posed by removing top soil, sand and gravel layers. All soft and weathered 
‘a portions of the bed rock were removed by hand excavation. In the upstream — =| 
q rockfill and main rockfill foundation areas it was first planned to remove silt, 
: sand, gravel and disintegrated rock, which might contribute to the settlement 
7 of the dam. Actually, both abutments were excavated to the bed rock, while © 
a portions of the river bed where sand , gravel and rocks were more compact 


Bs left as the dam foundation without exposing the bed eo ee 


30 )m, “c” 30 m to 60 m. The packer calli wuthad was chiefly applied in in 
order of 


“b”, end “a”. The maximum grout pressure was 15 
(213 psi) and 2 to 3 kg /em2 (28° to 43 psi) near the surface. Brittle and weak 
spots encountered in the bed rock and in places where spring water was at 
_ noticeable in the right abutment, blanket grouting was done to depths apes 
_ from 7 to 12 meters using pressures from2to3kg/em2 j= | 
; a A vertical shaft was excavated near the crushed z zone in the right abutment 
i fault. In addition to s grouting from four adits cutting the fault and connected — 4 
to hg shaft on different elevations, it is planned to backfill excavated portions 
Rockfill 


al for the rockfill is obtained by means of coyote hole and large drill a 
hole types of blasting in the Fukushimadani quarry which is located about 2 e os 
kilometer upstream from the dam site. Relatively large rocks are placed in — a 
nd the downstream and smaller ‘sizes in the upstream portions of the main “8 
s fill. In addition to the foregoing, muck of good quality produced from under- 
_ ground power plant and tunnel excavation is utilized for the upstream side of 
, 24 the main rockfill. - Material for the upstream I rockfill is mostly obtained from 
P the Fukushimadani quarry and in addition oversize boulders produced at the ar 
filter materials plant from river gravel are also utilized. 
In order to prevent ‘segregation in in sizes, the height of lifts of dumped ro rocks 
4 4 is limited to 4 meters in the upstream 2 and 8 meters in the downstream Sais q 
f _ portions of the main rockfill. | © A maximum lift height of 4 meters for the up- 


the volume of the rock sluiced. _ The water pressure at the sluicing nozzles 
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Impervious Core 
Due to heavy rainfall and high acai in Japan, clayey materials having ‘s 


oa a suitable permeability coefficient as core rope have in general a natural 


on may be several typhoons bringing heavy r rains is during the months of August 
and September. The job is shut down December through March due to con- 4 
siderable amounts of snow fall. . Core materials which were found in the Ane 
- Miboro area similar to BI #148 and BI #151 at the csriaiaaainih Dam contained 
om more than 60% and 30% of moisture respectively. 
‘Under these unfavorable conditions, investigations were covering 
wide areas extending 12 km upstream from the dam site in order to — 
b= _ Satisfactory core material pits. After making tests on moisture content, gra- 
dation, Atterberg limits, Proctor density, permeability | coefficient, shearing 
"strength and consolidation together with careful studies on ‘samples obtained 
_ from various test pits, adits and auger holes, it was concluded that it would Be pe 
be impossible to obtain a large volume of satisfactory materials for the im- a, 
i. mine core zone ina dry condition. As a result, a decision was ‘made to 
adopt a policy of mixing two or more types of materials found in the Akimachi — 
_ area which is located about 3 km upstream the dam. In this area the hill sides 
face the south and west with terraces along the lower slopes. As these ee: 
_ terraces are wide and slope gently to the —_— the whole area is favorably J ae 


posed when the relatively thin top soil is removed. In the gullies and lower 
slopes, ‘clayey r materials containing much detritus lie between the L D. G. and = 
top soil. In the terraces of the lower slopes thick layers” of clayey material 
containing much detritus is found under the top soil. As a result, it is much 4 
easier to prepare a satisfactory core material by first lettin these sev everal 
types of materials in a stockpile within the area. 
a Gradation curves are shown on Fig. 3 and test results on representative a 
samples obtained from the Akimachi area are tabulated in Table 1. Pabib i ne 
ac Test samples I and II are D.G. which contain very s small amounts of fines a 
and show no stickiness. Natural moisture content of the D. G. is lower than Alans 
optimum while density and shearing ‘Strength | are higher. ‘permeability 
coefficient is quite high. ‘By adding some clay these materials become v 
‘Test samples Il and IV are clayey soil and although contain detritus, their = 
e4 are very sticky. The natural moisture content is higher than the opti- | @ 


mum and the density is lower. Compaction of this type of material by rollers ba 


ing with D.G. in order toi increase e the imperviousness s of the 


Mixing of two or kinds of materials ‘such as mentioned above 
is: carried on by making stockpiles on the flatter this 


1ed ata special plant § 
\ 
=. 
= 
» 4 
~* 


G3aNniv 


fics 


OF 


DIAMETER 


E E TA 8, 


— 


) 


ng 


4 
CURVES 


CORE MATERIAL 


oot 


MAX, SIZE! - 


+ 


GRADATION 


q 


ONISSWd 


— 
— 
— 
— 


ryt 


April, 1, 1959 
e D.G. ., whose natural moisture content is low, after a rain 
or during the night, and by placing a thin clay layer on top during adry 4 
he - day, the moisture content of clay can easily be lowered. _ Thus, it is is 
+a, _ possible to lower the moisture content of the mixed materials asa _ 
_ whole and, as a result, the number of core placement days — in- 
ss (2) Oversize rocks and boulders can be removed during | the. fe stockpiling — 


he Different materials stocked in horizontal layers are excavated almost | é 
vertically by shovels so that the materials are mixed evenly and 

@ When placing, a a uniform material of known quality is obtainable so that : 

spl is possible to construct a more uniform core zone. This also per- _ 
mits simplification of compaction work in the dam, and results inan 
increased rate of core placement. An example of stock 

ae mixed materials is shown in Table 2. 


Test results on ‘each 


of Core Material 


-200 # 
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| Opt imum Moisture 


Content Ch) 


Liquid Limit 


“Plasticity Index (%) 3. o 


Content (%) 


 (1b/sq in) 7 


Pore Pressure re ® 
psi 
Permeability Coefficient (cm/s ) 1.5 x 10° 
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Strength Angle of Internal 


(Load 10kg/cm >? Pore Pressure 6 (22. 8 psi) 
Twenty ton sheepfoot rollers are being used | for core zone compaction. of 
: the 2,000,000 m3 (2,620,000 cu. yd.) of all materials placed in July-December, 
——-:1958, "250, 000 m3 (326, 000 cu. yd.) was core material. Of the 203 tests made _ 
for moisture content t of core materials placed during ‘this period, 80. 2% of ie 
the total showed that compaction was made on the dry side of the ‘optimum. ys 
: _ Mr. W. E. Collins acts: as a consulting engineer in the design of the dam, 


sistance relative to its acteal construction n work. 
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Discussion by F. LL Lawton 


LAWTON, 1M. ASCE. _—Kajakai Dam is 


the outstanding characteristics ¢ of the rockfill dam: 


its applicability to lo- 
cations remote from sources of supply for equipment, cement and lumber bat 


i wore rock | and sufficient volumes of soil suitable for an impervious 
core, 


‘Kajakai is also typical of another characteristic: 


: broad flexibility 
- design permitting most economic combination of available indigenous materi- 


7 te The overall cost of the dam, including : all structures and appurtenant work — 
- constructed in the first stage, is given as about three dollars per cubic yard _ 
“for a total quantity of earth and rock in the main embankment of 4,200,000 on 

= yards. 2 This would seem to be an 1 extremely low cost considering the 
relative isolation of the site, but is no doubt explained by the composition of 


“the work force, with only 69 foreign personnel, all supervisory 
staff, and 1850 native workmen. It 


"author would indicate the relative productivity of the Afghan labour as com 


‘pared with, say, average / American labour of the same categories, and the 


SETS 


, August, 1958, Glenn F. 
Power Dept. Aluminium Labs. Ltd. , Montreal, Car Canada. 
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ROCKFILL DAMS: PE ERFORMANCE OF TVA CENTRAL COE 


M. ASCE. authors’ treatment of the design and con 
struction features of the Nottely, Watauga and South Holston dams is — 
It is greatly enhanced by the discussion of operating experience. 

= The advantages of the central-core rockfill dams are well stated. a 
authors might have added that these probably apply equally well to rockfill — 
dams with h sloping impervious core. . The type is essentially dictated by Re pin: a 
relative | availability of suitable material for the core. Both types appear much — Es i 
more resistant, inherently, t to earthquake — than any type ofconcrete 
i Reference is made to the types of rock used = fill at the three dams, i.e. 
quartzite with 20 per cent mica schist at Nottely, quartzite at Watauga, and ~ re » 
sandstone with some s shale at South | Holston. _ It would ac add to ) the v value of the © a 
paper if the authors w would give a brief account of the principal geological ar 
features in the cross sections at the sites. Reference to strike and dip of the ae 


a The unequal settlement of the central core and rock shoulders, , which has - 


to the question: : Do the rock shoulders in reality slide, toa a Aly along the 
contact zones? Would the authors care to comment on this point? This phe- 
nomenon appears to be a weakness of the central-core rockfill dam as com- — 

pared with the sloping-core type. = = Wat 
The data reported for the lateral deflection is interesting. The rebound = | 
Nottely dam and the upstream deflection for South Holston dam are noteworthy 
and confirm observations elsewhere. The implication, for South Holston, 
“The upstream deflection might have been due to tilting of the dam foundation © 
during reservoir loading” is an interesting one and might be the explanation a ; 
what is, otherwise, 
Could the authors the of the broken- line portion of the 
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ROCKFILL DAMS: SALT SPRINGS AND BEAR 
ke 


Mizukoshi and F. i Lawton 


CARLOS 1—salt Springs and Lower Bear River Dams provide 
- invaluable experience | ee the designers of rockfill dams, and the eee 
of the designs and the construction methods employed as well as the knowledge 
of the settlements and leakages recorded, as presented by Mr. I. C. <n 
and Mr. J. B. B. Cooke, , will to the 
In Mexico, the Federal Electricity. Commission built, between 1954 and 
1956, the 180- ft high Pinzanes rock fill dam, for its Tingambato hydroelectric — 
Bop its main object being to provide a reservoir for the hourly ceeition Be 
of the flow used for the three Francis type turbines of 72,000 HP each under 
an average head of 1,620 ft. Due to this high head on the power plant the water w 
has also a high value and minioum leakage is desired. 
‘The Pinzanes dam site is located in an active volcanic zone composed of a i y 
. granite type rock of greenish color and not very sound, except in a few places 


P were used as a quarry f from which rock was blasted a at three or four” _ 7 


icks 
- to the dam site, and dumped from a minimum height of 50 feet. The rock ct : 
Ql from the quarry was not larger than 2 tons” and the average size was around — 


— 


~—60.25 tons. Much of the rock was broken by impact in the 50 ft ‘dumping from 
the trucks, and the fines as well as the smaller pieces of rock were carried — 3 ee 
_ into the voids of the larger pieces by the water used liberally and at high | a ry 
fed by electric pumps. The water jets were directed 
q to the falling rocks and later to the pieces already in 1 place, in order to keep — 
their surfaces free from dust or from chips and to provide a | suitable contact - 
s for the next loads of rocks. The water was used at an average of 7 to 10 cubic 
ee Fig. 1 shows the plan, developed view of the face, and section 0 of the dam. ee 
i In plan the dam is curved with an 870 foot radius to the centerline of the 16.5 
foot wide crest. The upstream slope is 1.2:1 and downstream slope 1.3:1. _ Ae * 
The thin concrete face is on a layer of hand placed rock of uniform 6.5 foot 
thickness. The slabs are reinforced with a double mesh of one-inch round — tes 
steel at 14 inches centers in the lower slabs and one layer at same spacing in oa 
the slabs near the top of the dam. . The joints between two slabs are of the yeas : 
- flexible ; and impervious type used in the Salt Springs Dam, made with ‘acopper bite 
tent weet sana each slab and U shaped in the center, , keeping a slot of one — ce 
Prec. Pees 1737, "August, 1958, by I. C. Steele and J. B. Cooke. 
Engr. of Comision Federal de Electricidad, Mexico. 
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_ inch between the slabs, that finally was filled with satiated celotex and with ie, 
asphaltic compound in the upper two inches of the slot. On the slabs located — 
“near the face of f the hill additi additional flexible joints were provided parallel to 
_ Along the cutoff, on the sandy bed of the river, it was necessary to exca- i | 
vate more than was originally planned, and the original sand and gravel was © — 
“replaced with masonry more resistant to to settlements than the surrounding bead 
- rockfill; as there was no ) flexible joint on the : slabs at the top of this masonry; ~ 
the result was a crack on the slab soon after the concrete was poured. a 
- crack was treated very easily with asphaltic compound and finally covered “| - 
| witha clay fill, . Fig. 1. Another crack in the concrete was located in one 1e slab 
‘g in which the reinforcing steel was wrongly and rigidly connected with the rigid " 


¥ wall of the unwatering conduit located at the bottom of the dam. There is no no 
- doubt that the leakage through the face of the Pinzanes Dam is through these 
_two cracks, that is, at the two places where the slabs \ were not aot Dexia enough» 
ts to follow easily the ‘setlement of the rock Ot 
a When the reservoir was first filled, water soon appeared at the foot of we 
_ downstream face with the same brown color of the impounded water. Twoor 


: three days | later, a second Spring wv was located near ‘the | first, | but with a eeceelll 


_ of the concrete slabs, and that the second came through the hill. The maxi- if 
mum initial leakage amounted to 12.5 cfs but gradually it was reduced down — 

‘ to 5.5 cfs from which almost 50% comes through the foundation. The re- Ki ect 
duction was obtained by pouring small amounts of coarse sand followed by fine 

sand, through a 6-inch diameter pipe laid on the the upstream | face of the dam, of ‘ 

from the crest to the site of the cracks. 

The capacity of the Pinzanes reservoir is only 4,300 acre feet so that it tea’ 

_ can readily be unwatered, and it was easy to repair the cracks when the power e. 
es was not yet in service; but now it is not desirable to empty the reser seth i 

voir down to the very bottom to make the repairs, and although the water is r 

valuable in Pinzanes as explained before, it does not pay to Stop the plant for 2 

aaa two weeks for the saving of 2 or 3 cis. Nevertheless, a method used by 

the Pacific Gas and Electric Company to detect the position of the cracks and a 

to fill them without emptying the reservoir will be tried in the future. 

Bo The main | object of this discussion is to point out the benefits derived from a 


—_ 


ihe 


“the ex experience obtained in the Salt Springs Dam in the design and conatquation 
= the economic and very satisfactory Pinzanes Dam. The design and super- eae 
- Electricidad of Mexico, after a careful study of the Salt Springs features and ie 
experience, especially those regarding the liberal use of water during the __ 
dumping of the rock, and in the provision of flexible joints near and = 


_ The crest of the dam was ; built to a crest profile based on an overbuild of — 
re * 5 per cent of the height of the point above the profile of the cutoff wall. Loi z 
"However, such settlement is far from being reached, and this dam can ap og 
_ ranked among the most successful , so far as we know, because even after the 
"earthquake of July 28, 1957, the : dam ¢ did not show damage or cracks. i 
_ intensity of the earthquake was of the fifth degree—Mercalli System, with an 
between 25 and 50 per per second. 
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GEOFFREY DAVEY, 1 M. “ASCE. ~The in ‘this of the settle- 
“ment behaviour of the Salt Springs Dam, and the comparison of this behaviour 
with that of the Lower Bear River Dams, provide matter of great interest to — 
engineers in Australia where, in many cases, rockfill is the only economical oy 

- form of construction available. It is surprising to see the amount of settle- 
ae ment which did occur in the Salt Springs Dam during and immediately after ae 


construction. It might be asked whether such settlement would have occurred 
had the construction been carried out in small lifts of the order of 50" instead 


is. The use of a reinforced concrete face on a placed stone up to 15" thick has 
obviously given very good performance despite the movement which has oc- — 
curred in the fill, but it would be interesting to know the amount of leakage — 
~ which has taken place through the dam. _ It would appear that ina controlled 
river | system with numerous dams on one stream, that substantial leakage ate 
would not be a serious item, whereas such leakage would be quite serious for 
water storage dam in an arid area of low rainfall. 


MASATOSHI KAWASE. 2—The a author’ s paper presents concis concise infor- 

‘mation on concrete face rockfill dams is very valuable to the engineers inter- 
ested in such type of dams. The writer has prepared a brief discussion on _ 

the basic paper, presenting some data on the concrete face rockfill Ishibuchi 
- Dam in a manner that it may be conveniently compared with that presented by. 
| _ the authors on Salt Springs and Lower Bear River Dams. It is hoped that the 


_ discussion may add something to the general pool of information on the _ ae 


_ Ishibuchi Dam of the concrete face rockfill type, located on a tributary of 
the Kitakami River, was completed in 1953 by the Ministry of Construction. ey 
The main reasons for adopting this type at this site were unfavorable geologi- 

2 cal conditions and difficulty of procuring cement at that time. Fortunately, a 
sufficient supply of rock was available from a quarry consisting of dacite, +, 
_ _ while s sufficient core materials were not obtainable nearby. Therefore, the 
concrete face rockfill type was adopted. Physical data are shown in Table . " 


ed The mean slope of t the downstream face, 1.6:1 was determined in consider- 
ation of stability against earthquakes. From t! the economic point- -of-view, it ee 
would have been better to adopt a more gentle slope. on account of the finish- po 
fa ability of the face. The slope of the upstream face which is concave towards © 
the reservoir varies from | 1.4:1 to 1.2:1 and the axis of the dam in the plan is © 
slightly curved ¢ convexly towards the reservoir. To effectively reinforce the 
parts where the differential settlement of the dam is greatest, the thickness Ss 
_ of the placed rock, 3 m (9.8 ft.) at the crest, is increased linearly to 5 m wold 
— (16. 4 ft.) at the portion 20 m from the crest and it is made 5 m from this a a 
- portion down to the bottom. The facing slab is of reinforced concrete and its | 


thickness varies from 40 cm (15.8 8 in.) at the crest to 60 cm (23.6 in.) at ara ee 


1. Cons. Engr., Gutteridge, Haskins & Davey, Sydney, Australia. 

River Div. Tohoku Const. Bureau, of Con., , Tokyo, ; 
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Table Physical Data of Ishibucht Dan 


ped rock 361,400 (473, 000 cu.yde de) 
L9, 900 65, 300 cusyd. 
(slab & 8, 800 ( 11,500 cu.yd. 


and two Piecate were adopted in consideration of resistance to rm ra 

changes and settlement of the rockfill dam. The facing slab was generally 
divided into 10 meter (32.8 ft.) squares by the horizontal and vertical joints, Pd 
and exceptionally 3 to 5 m (9.8 to 15.4 ft.) horizontal joints were adopted in a 
the part adjacent to the river bed where more flexibility was needed. The _ 

idea above mentioned is similar to that of the hinge slab adopted in Lower — 


| Bear River Dam. The plan, , upstream view, cross section and details are | 


Foundation 

Geologically ti the dam site of Liparite d decomposed or 
ed considerably, and the foundation rock was carefully grouted. Atotalof — 
1,587 tons of cement was injected through 9,640 meters of bored holes for aie 
curtain grouting. This shows tl the unfavourable geological my of the 
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and 


Bs: nt were quarried by coyote —_— method at a quarry 1.5 kilometers an 
upstream of the dam site and transported to the dam site on the side-dump 
i cars which were pulled by diesel locomotives s on two railroads constructed at 3 
_ El, 299 meters and El. 323 meters. The properties of rocks were as follows: 
specific gravity 2.5, absorption 4.1% and compressive strength 1,290 kg/cm2 . 
(18,000 psi) to 1. 610 kg/cm2 (23,000 psi). , Fill-rock was dumped | mainly from 
bridge spanned across the ‘river, which was constructed at the 299-meter 
level in the first stage and raised up to the 323-meter level in the secondary 


i* Uniformity of grading of fill-rock along the axis of the dam was obtained 
aoa device of dumping. In order to expedite the settlement of rockfill in 7 
the upstream part, fill-rock was dumped on this part prior to the dumping on 
the downstream part. Maximum dumping height was 29 m (95 ft.) and such > 
- fines as as reported on the paper of Salt Springs Dam did | not accumulate ¢ on the a 
top zone of the lift. Sluicing water was jetted in the quantity of not less than 
two times the volume of dumped rock and at the pressure of 7 kg /cm2 (100 j 
psi). However, effectiveness of sluicing by such volume of water was not = 
= Dumping was started in May 1950 and finished in June 1953. - Placing 


of rocks in the rubble wall section was started in seed 1951 and came to an- 


| 


struction period at some points located on the 299 m lift and the auene. ce: 

_ data are shown in Fig. 2. Settlement of the rubble wall during the construction 
period was also observed ; at some points located on the surface of the placed . 
rock. Location of the points are shown in Fig. 3 and maximum settlement — . 


durin 7 construction in Table 2. 


"III - 


pl 2 June 22, 1952 


3 was full in April 1954 and then was maintained in the same state ‘during the y 

-. following two months. In October 1954 the water in the reservoir was drained 
a wholly to repair the pressure tunnel | for power generation an and 1 the storing was Sy 
resumed in December 1954. data of slab are 


water in the > reservoir began in December 1953 and the reservoir 


— 
: 
— 
— 
— 
— 
the (0,19 | 
— 
— 
| 


wus 


| 


- 


| 


298.75 28.75 | 2987 9875 | 298.75 


29868 | 298 29445 29849 


“30075 298 75 | 29875 


Seer 


2 SETTLEMENT OF EL 299™ 


| PO2 | PO: 
— 
— 
«(5-24-51 


5 6 17 18 9 223 24 25 26 27 2B 23 30 332 33 


CUREST) 


COMPONENTS 


j 


6°. 


ORIZONTAL 


8 


HORIZONTAL | = 


H 


AN 


10 
> 


ACE 


> 


\L AND H 


& a 
4 15 16 17 18 19 20 21 22 23 24 25 % 27 90 32 33 5357 
— 
VERTIC — 
CON — 


4 
q 


; 


> 


33 


HWL 3/800 


* 


JULY~NOV 

‘i, 


30000 OW IN 1956_ 


SEPT~OCT. M1954 4 


GOWER PART SETTLEMENT COULD N BSERVED 
XEPT FOR THE TIME OF REPAIR INI954, 
ECAUSE OF STORAGE WATER) | 


SET E 

= MA) 

NO20 


| 


a 
‘ 


Bes 


A 
Aa 


e 


6Leoe 


bg + , +2 
Nee 
— 


April, 1959 a 


In point of relationship of settlements between the crest and the lower 
parts, the data show a similar tendency to those of Salt Springs and Lower 
Bear River Dams. It is considered that this shape of the settlement curve is 
_ due to the following reason: the settlement of the portion near the e base oc- FX 
4 ‘curs more quickly than that near the « crest, where the water pressure and own 
_ weight of dam are considerably smaller than those of the other portions. Then 
™ it is considered the form of the concrete face which is concave on the up-_ 
- stream is favourable from the viewpoint of resistance against sliding along 
the surface ofthe placed rock, 
“ In regard to the movement of concrete facing slab along the direction of 
the axis of the > dam, it was found that all the vertical joints, ‘each with an 
_ initial opening of 2 centimeters, (0.8 in.) were compressed uniformly and con- 
tracted a maximum of 0.6 centimeter (0.23 in.). Also it was found that all the 
7 horizontal joints were compressed and asphaltic “materials inserted in these — 
‘Several cracks, similar to those that developed at Salt inti, were found 
- the slab near the abutments in September when the reservoir was emptied 
(Fig. 5). Although some of them were 3 to 5 mm (0.1 to 0.2 in. ) in width, the 
a majority were hair cracks. It would have been preferable to increase the “ 


The pamphlet “Dams — which w was presented { to the engineers at the 
‘Sixth International Congress on Large Dams describes leakage through the 4 
‘Ishibuchi Dam as 226 lit/min; however, this value is incorrect and should be 
"replaced by 226 lit/sec (8.0 cfs). The leakage consists of that passing through 
the foundation rock and that through the rockfill dam embankment itself and | 
- . it is impossible to separate one from the ad It was decreased to 204 lit/ 


1_The paper is concise presentation of 
information on concrete face dams, especially determination 


— dumped rock and settlement, derived an many years of successful ex- 
periences of the Pacific Gas and Electric ‘Company by the authors. 
_ The writer has prepared a discussion which briefly outlines some practice 
and construction data of the concrete face rockfill type Nozori Dam construct- 
_ ed by the Tokyo Electric Power Co. . The facts contained herein are presented 


ae authors on the Salt Springs and Lower Bear River Dams. i we 1 


Be The Nozori Dam situated in the high mountains, about 1,500 meters Pe 910 
ft.) in n altitude and located in the north-central part of Honshu Island. mf 
vation of this dam above sea level is the highest of existing dams in Japan. Lae 
At this site, the working period was limited by snowfalls in winter and ae 

4 —_— ‘rainfalls in summer on account of being located on the divide of the 


1. Chf. Power Company, Inc., 
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“Pacific Ocean side and the wane Sea side, and the transportation of cement 0 | 
and other materials was minimized from the topographical remoteness. A = 
rockfill type was adopted from the economic viewpoint and in consideration 
- possible f future heightening to increase the storage capacity inrelationtoa 
pumping -up scheme. And a concrete face rockfill type was selected chiefly 4 
because of the above-mentioned unfavorable climatic condition as well as un- t 
"availability of suitable impervious fill materials near the dam site. _ Physical | 
Dan 


Physical data of the Nozori 
Effective storage 28,400, 000 acre e feet) 
ew om (4 Us ,980 aw 


Placed rock thickness 
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1 vertical). 1.3:1 ‘upstream and 1.5:1 downstream face were de- 
termined in consideration of the influence of earthquakes, and for the down- 
stream face, the 1. 3: 2 face slope with two berms of 4.5 meters (14.8 ft.) ane 


the full section, was thought to be enough, in the case of a dam of this scale, 
to minimize the influence of water pressure and settlement, but in the lower — 

os part the thickness varied from 3.0 to 3.5 meters. The downstream face be ow 


the lower berm was paved with the thin placed rock. A plan and across — 
section of the dam are shown on Fig. la and ‘Ab. Actually, an 


_ The face slab is of reinforced concrete. The slab thickness at the | bottom 
; _ was based on 1.5% of the water head. The amount of reinforcing bar was * 
about 0.5% of the slab section and a single layer arrangement in the upper. B 
g a half and double arrangement in the lower half were adopted. The joints of f the 


; “ slab were arranged as shown on Fig. 1c. . These were divided to 12 meters — oa 
(39.4 ft. square, 12 x 8 meters and 12 meters, excepting the 

* Fig. 2. Vertical joints with U- -shaped copper - waterstops, filled with ea 

* asphalt and packed at the surface with blown asphalt containing 1.5% of as- 


_bestine fiber, are designed 25 millimeters (1 in. ..) open to prevent crushing of ; 
joints. _ Horizontal joints with flat copper r plates, filled with asphalt, are 


to the Cross connection of horizontal and vertical joints. . Joint rib 
_ keyways are coated with asphalt milk before slab concrete is placed. ‘The U- 
_shaped copper waterstops are used at the joints of cut-off wall and 


nde Quarried 

rocks, supplied from several quarries close to the left abutment of the dam, | 
were obtained by the coyote hole method in 30 blasts with coyote holes total-— 
ing 1,120 meters in length. About 26 tons of Carlit (powder explosive of fam-_ 
-monium perchlorade) were used for blasting 215 ,000 cubic meters of rocks 
_ and the average explosive factor was found to be 0. 27. Quarried rocks weigh- 


0. to 2 tons were used for rock. physical 


at the site are andesites ond: 


dumping heights, 13 to 17° meters (43 to 56 ft. These lines are 
at El. 1490, 1505 and 1517 meters, , respectively. Rockfill was constructed in 4 
equal amounts in the two 6 month construction seasons of June - November — 
and 1955. The rate of dumping was 1500 cubic masters (1960 


+ Sluicing was annattaei to be at not less ‘than three times the volume of es: 


being dumped. Sluice water was pumped up by two 700-1 hp pumps from the 
-Nozori River, through two 150-millimeter dia. steel pipes to the 
eS sites and poured to the dumped rock by 64-millimeter dia. rubber il 

ea hoses. Every rock was washed thoroughly with th this sluice water ¢ concentrated - 
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as it ite placed and water consumed for this | purpose was 
about four times the volume of dumped rock. | i The jet pressure of the sluice 
water was about 12 kg/cm2 (170 psi.). 
er The rocks weighing 2 to 7 tons : in the placed rock section, 3 meters thick, 
“were placed by cranes at least two months after the completion of the dumped 
rockfill in consideration of the initial 
Leakage and Settlement 


and settlement of ‘the ot water, from 1956 to 
1958 are shown on attached drawings. In the leakage curve, ‘Fig. 3, an unex- 
_ pected sharp decline was seen at the end of October, 1956. "The reason for 
‘i this phenomenon appears to be that the severe cold weather brought an unex- 
pected heavy snowfall as the result of which some of the leakage was tempo- 
q rarily absorbed in snow on the streambed between the dam site and the leakage 
6. weir. = The maximum reg was recorded in 1956 which was less than 23 © 


maximum in 1958 was only 10 liters. per second (0.4 cis). 
. _ Settlement of the concrete facing slab after completion of the dam is shown | 
_ on Fig. 4 and that of the placed rock on Fig. 5a. The first-year waterload mi 
_ settlement is greatest around four-tenth of the height which agrees with the 
= Springs and Lower Bear River measurements. ‘The later aging settle- 
ment is thought to be greatest at the crest, although it was impossible to ob- 

_ serve the facing slab movement on account of snow and ice that covered the 
_ slab in Aprils of 1957 and 1958. The maximum vertical settlement at the _ 

_ crest occurred at the joint No. 8 and was observed as 10 centimeters (0.4 ft.), 
(0. 23% of the dam height, about 50% of which occurred during the first ~ al 
oa It is believed that t this: small amount is due to the dumped rc rock k being well e 

Three face ‘cracks have occurred near the perimetral joint and spillway 

crest in the first year of service, as shown on Fib. 5b. The vertical crack | 
~ developed from slab F5 to slab D5, the maximum width of which amounted to _ 

-L 5 millimeters (0.06 in.), was about 12 meters long. The horizontal crack © 

- parallel to the perimetral joint at the bottom of the dam was about 8 meters 


and its was observed as 0.5 n (0.02 
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and was situated above the edge of the joint rib conc rete 
- below the slab, the edge of which was found to have been raised by 1.0 centi- . 
meter (0.4 in. ). . The slab A13 is supported by the cutoff concrete and concrete ay 
P piers on the | bedrock, and the crack that occurred parallel and close to the © 
_ spillway crest is unrelated to the settlement of the rockfill. _ The cracks have > 
Tit The performance of Nozori Dam has been very similar to that of Lower 4 


_ Bear River Dam No. 1, which is of similar height. It has been very success- 


7 ful with no maintenance being required in the first 3 years, moderate settle- — 


worthy —— to the ‘Symposium c on Rockfill Dams, one e which will long 

-Femain a valuable source of basic information. _ Being drawn from experience 
with 14 impervious face rockfill dams in the P.G. _and E. Co. ‘system, their 
woibe in the massive granite formations of the Sierras has added materially 

| e o the value of the data due to similarity of foundations and of rockfill. _ 


_ The opening of the vertical crack near the center of the upstream face i. 


the 140- ~foot high Relief Dam, with its crest curved downstream, would appear — 
to prove the soundness of what is virtually standard practice with all types of 
rockfill dams » especially those with an-impervious face or a thin sloping im-- 
core, i.e. the upstream curvature of the axis. 

_ The authors’ correlation of construction procedures with settlements and 
deflections in the Salt Springs Dam is invaluable for comparison with 
dams, such as the Lower Bear River Dams. It drew attention to the im- 


“portance of effective sluicing with plenty of high-pressure water properly di- 
rected to eliminate accumulation of fines between contact surfaces and points _ 


‘The vertical and horizontal ‘rebound of — on the maximum section of a 2 ; 

Salt Springs Dam, even though ‘relatively small, confirms with 
other types of rockfill dams discussed in other ‘Symposium papers. “Apparent- 

ly rockfill dams act as imperfectly elastic bodies, within narrow limits. Salt . 
Springs Dam experience over 31 years, in respect of horizontal movement in 


the plane of the face (lateral settlement) of the dam, affords a useful basis s 


a! for assessment of possible lateral settlement in rockfill dams with thin slop-— 


ing impervious cores. It demonstrates the effect of steep abutments on later- - 


_ The authors’ analysis of the inter-relationship between the several com-_ 


"ponents of movement in the mass of a rockfill dam is stated as: poe — 


: s water | pressure causes ‘significant downstream and downward 
differential movement, a lateral readjustment of rock points must take - 
‘place. It appears that this lateral readjustment of rock contacts, along 

_ with the active pressure within the rockfill and the high | percentage of — 

_ voids, causes the rocks to move toward the centre of the dam. In ad- 5 .. 

_ dition to these factors t the basic vertical settlement should tend to de- ‘ah 


velop a a component toward the center due to the sloping abutments. - 24, aide 


I. Chf. Engr., Power Dept., Aluminium Labs. Ltd., Montreal, ieee ae 
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sit pare that the high initial lateral ‘movements are associated with a 


= normal settlement in the lower and central portion of the dam.” _ 

Drawn: from experience with concrete face dams, the analysis seems to be - | 

applicable to rockfill dams with thin sloping impervious cores. | 

It emphasizes the necessity for upstream curvature of a rockfill dam and the — * 


trimming of steep slopes on the abutments, | as well as the elimination of sharp 


_ -The average maintenance cost for Salt Springs Dam at $8,000 per year is 
moderate. the $2,000,000 estimated saving, in 1931 dollars, 
achieved in using a samen rather than a concrete dam, represent construction 
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Discussion by FL. L. Lawton 


L. LAWTON, nla M. ASCE.—The construction of th the rock fill closure dam 
for The Dalles project represents a notable example of the adaptability of salle 
rockfill dam to difficult sites. In this connection, it would be interesting if j - 
the author could indicate the probable increase in cost of the alternative — Monks 
.s is clear from the paper that “the general plan developed for construction 
of the closure dam consisted of first constructing a dumped rock diversion seg 
fill to divert the river flow through eight skeleton units in in t the powerhouse, 2 
then completing the closure dam by raising the dumped rock fill and placing» 
an impervious blanket on the upstream face”. However, it is not immediately 
clear to what elevation the diversion fill was constructed, although the paper 
is interpreted to mean that the diversion fill was built up to a maximum ele- 


vation of 170 feet, approximately, above the foundation. Could the aes fa: 
q Reference is made to the fact the diversion fill withstood “. . Tag piles iy 
flood flows before completion of the closure without appreciable erosion...” as, 4 ‘xt 
Could the author i indicate the velocities which are known to have occurred - 
| The use of the underwater television camera for examination of the di- 
version f fill is another i instance of the great utility of the camera, ‘particularly 
when it can be used in such difficult conditions as the Big Eddy Pool. The a - 
procedure adopted for the placement of the blanket appears to be a very sound ~ 
one, Could the author indicate the loss of material which i is estimated to have £ 
occurred in placement 2. In connection with permeability o of the sandy- gravely ; 
blanket, it is indicated “ Fs . the computed seepage loss of 100 to 170 cfs 
through t the newly completed blanket was expected to decrease considerably _ 
with time as silt is ; deposited on the outer s slope”. $ Is there any manera - ‘ 
this proving tobe the case? 
= The ) paper also makes reference to the use of ‘sonic ‘depth fi 
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a. Proc. Paper 1738, August, 1958, by Robert J. Pope. 
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ROCKFILL DAMS: REVIEW AND STATISTICS? | 
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‘of the basic features and types of, and statistics on, -rockfill 
ie The paper r notes that “Constructed as expedients during pioneer days in me = 
West, several of those early, though smaller, rock-fill dams remain as FEDS +” 
functioning monuments to ingenuity and engineering enterprise.” This is true. 
However, it should not be deduced therefrom that these early dams were born 
“out of the blue”. It is entirely probable their line of descent is from the ie a 
rock-fill timber-crib dams which the early comers to eastern North America 
built to assist in logging operations. dumbed of these reached the notable heights 
- The authors have provided an excellent classification of rock-fill and earth- a 
fill dams but it is questionable if the use of the terminology “deck type” is ay 
‘sound. The accepted meaning of the word “deck” is a platform or auetien Bic 8 7 
extending horizontally across a vessel. While there are variants in meaning, 


"depending on the country, the concept as applied to rock-fill dams is wrong. Z le 
‘It is suggested “membrane” is more correctly applicable to those rock-fill bes tt. ic 
which the authors have classified as deck type. 
yi; = is particularly interesting to note the authors have ncn that “. 


aad accomplished by the use e of (dump) trucks with slotted Kara thus per a 
- mitting fines to be shaken out of the truck loads en route from quarry to dump-_ 


ineffective and decidedly uneconomic as a means of eliminating deposition of 
although ample properly- “directed high- pressure sluicing can go a 


ing site.” Certainly the selective dumping of quarry-run rock is relatively 
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Discussion by 8. Sakura 


since he is on the Makio Dam, of similar type and 
a Derbendi Khan Dam. The writer will summarize the site conditions and _ 
: “the solutions at Makio in order to contribute to the valuable information being 


made available through the ASCE Symposium. 


“Nagoya, Japan. ‘The dam is of thin ‘central core and al alluvial - rockfill shell eee 
' type, (of 350 foot height, as shown on Fig. 1, 2, and 3. _ Construction began in 


‘is scheduled in December 


formation consists of strata « of slate chert of Paleozaic, 
7 and diabase inserted in some slate. The strike is in 1 general up- -downstream _ 
- direction and dip 30° - 70° . There is a fault at the center of the river and 
several s smaller faults of crushed material and clay, A, B and | Cc of Fig. 3. a 
os There are four steps, each several meters thick, , of terrace materials of ande- 
: site and granite sands and gravels. The river bed deposit is 25 meters thick r 
with extensive boulders near the ground surface and more sands than 1 gravel 
at the bottom. Nearly 100% gas a little gas emitted at the 
site ane ground waters contain free COg in nearly saturated condition, Ca e) 5 
Mg Oo, Fe203, Si O2, and A 2 as dissolved from the rocks. Gas and low 
pressure springs are general in the area. 
pervious saddle near the damsite, of an ancient channel 
alluvium, » volcanic ash and pumice, was thoroughly investigated ar and a. 


Materials conveniently available fo: tor are: “rock 
= spillway excavation (sandstone); transition material of well graded sand- NY 

gravel-cobble-boulder alluvium; core material from downstream river 
terraces (5 - 15 m. ‘filter ma volcanic ash and breccia of andesite, chert late, 
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” ae material is unusual and of special interest. Grains. of size ce 
han 2 mm consist of volcanic ashes and a small amount of flakes of breccia 
‘and small pieces of pumice or talus. Classification is sandy loam and elet ie 
yellowish brown. Specific gravity is 2. 7 to 2.8 and grading is 5 - - 15% o 
(0 - 0.005 mm), 10 - 34% silts (0. 005 - 0. 05 mm), 15 - 35% fine sands (0.05 += 
0.25 mm), 10 - 7 25%, coarse sands, and 5— ‘10% gravels. _ Natural dry density 
ma is 1.0 to 1.1 ton/m$ (63 to 69 lb/cu ft) for material under 4.8 mm grain size 
= and natural moisture content ratio 60%. With samples including 150 mm parti- 
cles moisture content is 35%. The liquid limit is 40 - 10%, plastic limit 30 - fer 
50%. However, a special liquid limit of 120% was observed. _ Clayey miner- ap 
alogical analysis indicated a small hydrated which causes 


he 


oe The following properties are based on tests of lee under 4 mm grain 
size: dry density 1.2 - 1.5 ton/m3 (IIs Compaction) (75 - 94 Ib/cu ft); direct 
shear angle of internal friction 10° - 25°; cohesion 0.3 - 1.0 kg /em2 (4.3 - 14° 


lb/sq in); and coefficient of permeability 1x cm/sec. Tests on material 
18 


_,to 50 mm indicate dry density of 1.5 - 1.9 ton/m3 (Modified AASHO) (94 - 118 
and permeability of 1 x 10-6 to 1 x 10 cm/sec we 


a It is intended that core will contain 55 - 65% of particles 5 
a. Porosity of compacted soils 35 to 40%, compared to 60% in natural con- 
dition. Test fills resulted in dry densities of 1.6 - 1.7 ton/m3 (100 - 106 
Ib/ft3) for sheeps foot roller (27.9 kg/em2. pressure), and 1.5 - 1.6 ton/m3 
(94 - 100 1b/ft3) for pneumatic tire roller. Density did not increase with in- 
creased number of passes for this material with 6 - 8% higher than optimum > FS 
moisture content. P Permeability for fi 4. 2 x 10 -5to2x10-6 


» A central cc core design, Fig. 1, was adopted for the following reasons: _ “— 
ng 


_ aA central core is considered less susceptible to rupture or crackin 


i _ due to differential deformation of the embankment, resulting from the 


An inclined core, if placed at the relatively high moisture content 


necessary b because of prevailing weather conditions, would constitute 
a zone of relatively low shear strength in the position of a potential Bou 


_ slide plane, and thus decrease the stability of the upstream slope. 
_ The topography of the site establishes highly desirable locations for ine 


a upstream tunnel portals and for the crest of the dam. The space ” 
tween these two locations is insufficient for a sl a sloping core design. 


Design Considerations 
4 23 
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Material to be placed, since weather conditions suitable lor moisture~ 
Bee _ controlled earth fill operations will be limited to about 100 days per year. iy 
During construction, lateral drainage to the outer slopes of the narrow core” 
_ will prevent the occurrence of excessive pore pressure, even though the = 
material is placed at the upper limit of workable moisture content. 


‘Design Data and Analysis: 


The design data a and the of the stability are 
- Tables 1 and 2. The adopted d design constants are based on laboratory tests 


>. ‘made by the Aichi Corporation and on tests of similar materials made by the 


Be Bureau of Reclamation, the U. S. Corps of Engineers, and by Electricite | 
4 de France. . The use of comparative results of similar materials was neces- pt 


_ since Aichi Corporation « did not have shear test “equipment suitable to use 


with the materials at Makio—all of which have large percentages of coarse 

materials. Earthquake acceleration of 0.15 ¢ which will il act horizontally, 

- based on probability studies covering 1300 years, and made by Dr. ences 7 
of Tokyo University. “Earthquake tests on models of rocks dams” were 


made for Aichi Corporation by Dr. Niwa of Kyoto University. ~The method sais : 
_ stability analysis used was that of W. Fellenius in, , “Calculation of the Stability 


7 2 of Earth Dams”. Stability analysis indicated that talus and terrace deposits ‘< 


_ The pattern of intersecting joints, solution channels and iessscaeebiaci the . 
required extensive and careful treatment. The grout curtain, Fig. 2, will ; 


i _be carried out by stage grouting. Shafts were ‘excavated in the faulted zones" " 


_ - six meters deep and twelve meters long. Gunite s shall be used as required. ‘at 
oe _ The COg gas in the formation will affect ordinary cement, , and a special Pee 
cement is required. The special cement is based on tests ts and specifi- 


) used New York City in (1941 = 


Embankment construction is planned to begin in July, 1959. 


shall contain not larger than 150 mm size particles; its moisture nomen wes 
_ shall be limited to that which would permit the satisfactory use of con- ih | 

- struction equipment, and compaction shall be by sheepsfoot roller in 20 ro 

loose layers. Transition zone shall contain not greater than 600 mm (23 inch) 

cobbles and not more than 5% by weight passing a No. 200 ‘sieve, and shall be 

- than 200 mm (8 inch) cobbles and shall be peebree Fea by sheeps foot roller at 
oS time of rolling the transition zone. The upstream rockfill shall be made _ 
¥ by end dumping or other means with no requirement for compaction or level- 

i ing in regular lifts as long as the fill is brought up reasonably level. The a 

- downstream rock fill shall be of quarry run sizes of durable rock dumped and = 

bulldozed into place in lifts approximately 2 meters thick, compacted by con- 
a trolled movement of the hauling and spreading equipment without sluicing. 
Investigation, design and construction supervision has been by Erik Floor 
Associates, and personnel engaged on this project includes D. % 
T. Bennett, J. L. Schnitz, F. A. Nickell and 
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ROCKFILL DAMS: “NANTAHALA | SLOPING ‘CORE DAM@ 


Lawt nd Waldo G. eae 


L. LAWTON, on, | ASCE.— — Although this paper was originally 
o at the October 1948 ASCE Convention, the Society’s Power Division is to be 
- congratulated on having made it available for discussion in connection with — 
_ the Symposium on Rockfill Dams, because the Nantahala Dam is the first, so 
far as known, to use a thin sloping impervious core. 
_ The Nantahala Dam owes its inception to Col. Growdon’s interpretation nof_ 
the genesis of many glacial lakes, formed by closure of old stream beds by _ 
glacial moraines. _ ‘The conversion of Nature’s method of construction to Man’ i 
# has resulted in the development of a type of dam applicable to difficult sites, 
having an inherently indefinitely long life, and one which frequently can be _ 
constructed at a far cheaper cost than other types. 
_ The settlement data reflects the variation in reservoir level as is the case 
af with many other rockfill dams. It would be interesting if the author could — 


i Proc. Paper 1742 (and 1743 and 1744) deserves to be classed 2 as a new type. - 


to the structural action involved—grav ity, arch, buttress, etc. For 
fills, however, in which the structural action is always of gravity type, some . 


3 ‘Using this means of classification, there are perhaps only ‘four basic types 

0 f rockfill dams—rigid central barrier, central earth core, rigid upstream a 
ie face and flexible | upstream face. A further refinement of this classification 
Ay could be made by taking into account the material of which the barriers are _ 

et “constructed, but the dam type would be essentially the same. ptt ae 

_ Whether, for example, a rigid upstream face is made of concrete, steel or 

b: wood is immaterial so far as dam type is concerned. The same would be true | 

for a flexible face of either asphalt or plastic sheets —if the latter should ever 

tried. But the sloping earth core, >, while basically a a flexible upstream. fac- 

* ing, introduces a distinctive new principle to water barrier design. This a 
Bee changes the character of the dam and, in effect, creates a new type. 


The principle involved is, of course, to sandwich a thin sheet o of earth be- 7 


7 < tween rock filter layers which are graded outward from fine to coarse on both — 


: » Power Dept. , Aluminium Labs. Ltd., Montreal, Canada a. a pe a 
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also. protects the earth from wave action. ‘The sloping earth ci core e thus pe 
forme its function and maintains its structural by quite different 


There is a second ‘significant aspect of the sloping earth core dams de a 
scribed in this paper. It is that in the short space of a decade a new type dam — 
was proposed, designed, built and followed by the construction of six others. 4 
Few new developments in any branch of civil engineering have enjoyed such “ 
unusual initial success. And it is particularly notable that the Same owner, — 4 
the Aluminum Company of America, , which would not be likely to repeat ade- 

_ sign just out of pride in the fact that it originated it, is responsible for six of _ 


ES ‘This paper | (and 1743 and 1744) gives a remarkably complete record of the ; 
sloping earth core dam from inception through design, construction and nell 4 


—— 
7 - i of the earth. The downstream filter thus keeps the earth barrier, even a 7 ss 
though it deforms, from migrating through the dam, while the reverse filter 
i ~ 2) cj il; ctio c 2 while it pal ‘ 
= 
from materials ready at hand, which can be a decided advantage. 
; 
port 
4 
> pre 
Knowledge lor which the profession owes the author its gratitude. It might thes 
conceivably demonstrate this gratitude by referring to such structures 
abr 
ab 
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‘Tockfill: dam with sloping earth core is quite simple. The main rock fill sup- 
- porting g the core and the waterload will provide » ample factors of safety if it is 
dumped at the natural angle of repose. This has been verified by laboratory _ 
| carried out at the University of California for International Engi- 
a neering Company. it was concluded from these experiments that a 
rock fill has a large factor of safety against shearing failure when the ve i 


pressure is applied to the upstream sloping face ofthe fill. 


ters Model tests were - subsequently carried out by the same laboratory to in- 
7 vestigate the earthquake resistance of rockfill dams.2 It was concluded from 
these experiments that rockfill dams with clay core are inherently very - 


sistant to earthquakes, it was also indicated that the sloping core type is Ee 


hes The general stability of a sloping core e rockfill dam is ordinarily not 


. somewhat more earthquake resistant than the central core type because of its. 


uestioned, but there are details of both design and construction which require — 
very careful consideration and treatment. An appreciable settlement can not - 

_ be avoided in a dumped rockfill. In order to avoid damage to the core, large 

_ abrupt differential settlements must be prevented. The materials going into 
the main rock fill should, therefore, have uniform settlement characteristics 

_ and extensive pockets of inferior materials, particularly concentrations — 

fine fragments, should not be allowed. 

__ The contact between clay core and abutments requires special care. ‘lame 
abutments should be shaped in such a way that the change inthe amount of 

_ settlement is gradual. Close control of construction operations, by personnel cars 

_ experienced in this type of work, can not be over emphasized. we oi P 


The author, who originated large sloping clay core rockfill dams, has in- 
- corporated in the Bear Creek Dam the improvements gained in his later ex- i 


E tensive experience with this type of dams. This dam is an excellent example 


of obtaining maximum economy by close coordination of design with con eS 
— methods. When these principles are adhered to, a sloping core — Be 
rockfill: ona site compare fa costwise other 
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Discussion by L. Lawton 


‘nection with several poser rockfill dams has no doubt con- 


F tributed materially to the low development costs achieved. Could the author AA 


a fuse plug be over-topped before it will wash 


he the criteria used in the design of the fuse plugs? By how much uch must 


_ The experience at Cedar Cliff and Bear Creek Dams associated with the 
7 development of a crack along the crest between the upstream rock blanket and 
the impervious core is interesting. Would the author care to indicate whether, 
| his opinion, this is an indication of slippage of the upstream rock blanket on : 
- the underlying filter zone (or of the filter zone on n the e impervious core? It is 


The low capital and annual costs noted for the rockfill dams built under the 
author’ s supervision is of considerable importance in 


locations. 


: have been reported for a number of rockfill dams with a central core of of 


c. Paper 1744, August, 1958, by James P. Growion, a 
ontreal, Canada. 
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ROCKFILL DAMS: PERFORMANCE OF MUD MOUNTAIN DAM2 


~The author gives an interesting summary of the 
-~— central core ‘rockfill dam. Additional detail on the settlement would be ae 
_ of particular value, since measurements as described saa the author, but brief- 4 
ly summarized, are seldom as thoroughly taken. 
profile at Mud Mountain puts the lower half of the steep 
canyon walls and the abutments are more gradually sloped for the upper half a 
-: the dam. A profile | of the vertical settlement plotted over t this abrupt bed- 
- rock profile would be of particular interest. For example, does the crest over — 


the top of the nearly vertical canyon wall settle as a 200-foot dam or as a 400- 


i 


reduce settlement | over that which would occur in a broad 400-foot fill. It has 
been the writer’s observation that the crest settlement profile is much -e 
smoother than the foundation profile and, for more gradual profiles than that a 

_ of Mud Mountain, , affected more by | the high central fill than the shallower >. 


- abutment fill. “The maximum movement at the highest section seems to drag 
The cracks between core and shell have been observed on a number of 
- dams and are not very deep. They are generally agreed to be of little con-_ Bt i 
ea interesting reference on such cracks, aside from this Symposium, a : 
is an article by Raul P. Marsal and Enrique Tamez in the Indian Journal of 7 
Power and River Development, Vol. VII, No. 5, May 1957, p 18, 5 pp, 2 ff, 2 
plates. Cracks which did not occur at Mud Mountain, but which would cause | 
4 _ concern in a core rockfill dam would be transverse to the core and in the core : 
near the ends of the crest of the dam. The tendency, particularly of the rock- _ 
fill, is to develop tension near the abutments and compression near the center. 
. is 4 This is most evident in impervious face rockfills and should be less so in — 
- sloping and then in central core rockfills as the influence of the rockfill a 
creases. The tensions may not cause cracks and, if they should, the filters — re 
_ are there to insure healing. ‘However, as rockfill dams become e higher, the ee ¥ 
predictions’ of movements becomes increasingly important. lateral 
movement measurements on core rockfill dams have been published and those vie Us 
taken on the high Mud | Mountain would be valuable. 
_ The downstream movement of crest points , would be of interest even even though _ 
‘the dam has been filled to tied 300 feet of its 400- foot height. a i 


ae 
> 
— 
— 
4 
| 
a 
J 
‘eae 
oe 
Paper 1745, August, 1958, by AllenS. Cary. 


A oril, 1959 


. junction between the core and the upstream and downstream transition a 
zones p gioco to the axis. It is true the . cracks a are reported a as having been 4 


Dept., 


A 


 F.L. LAWTON,! M. ASC ment inthe Mud 
io. an ba Mountain Dam was about as anticipated, it wo appear rather surprising at 
indication of no slippage of the shell zones on the transition zones. Would the 
_——_! jj. itis noted that the rockfill consists of an andesite described as being “tuf- | eo 
=—Ssfaceous to very hard” 
rem 
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oe lL DAVEY,! M. - ASCE.- ~The details of design of the e Wishon and Court- 
Tight Dams as they compare with the Salt Springs and Lower Bear River Dams 
reveal that a great deal more attention has been given to the details of con- 
_ struction operations so that savings can be effected by design particularly in ro 
- relation to side slopes and facing rock. It seems that the thickness of placed i. Py 
- _ rock has been dictated by construction reasons rather than design, in that i oe 


i may be of interest to consider two dams built Contes 1957 in Australia, 
~ 


Kathleen on the Cc Corella River The dams are very in construction 


and on similar river systems, about fifty miles sapart. ig 


a The dams were constructed for water supply mene, ‘in areas where the — 
rainfall is seasonal and averages about fourteen inches. — Evaporation | is high | a 


~ and totals about nine feet per annum. Good run-off from the catchment areas P 


is dependent on short period intensive rains which will give a run- -off. — 
Details of the dimensions are set out in Table 


itt ‘should be noted that the ‘height of these dams was limited by tructure 
the river valleys and they could not be higher. 


Estimated maximum flood 0,000 cusecs 60, 000 cusecs 
‘Nature of — Silicified 1 limestone 
‘spillway construction 
Height 


Placed rock 
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¥ one at Mount Isa, Queensland, on the Leichhardt River and the other at Mary es P 
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chhardt River Dé Age 
Pe The dam is sited on solid rock where the Leichhardt River breaks through _ 
a quartzite ridge. The body of quartzite is flanked by silicified shales. in 

No diversion works were provided. The r flooding by out of 


A spillway was excavated on the northern from which 100,000 
te yards of rock were obtained for dam construction and 100,000 cubic i The 
yards dumped to waste. } The balance of fill required for the dam was quarried» Bm a. 
from the quartzite masses adjacent to the dam site. The site wa was —" Gg 
“il drilled and grouted to a depth of 30' and very little grout was injected. _ ae ier 
Construction was carried out by dumping from 12 yard trucks loaded by 
_ 2-1/2 yd. shovels in the quarries. The fills were limited to a maximum of 30° 
and generally lesser heights were used. Dumping was controlled to ensure _ 

_ maintenance of the designed slope lines. The fill was constantly tri trimmed tana | 
traversed by a heavy bulldozer. The face of each dumping point was was kept wet water, 
... constant hosing using 1" nozzle at 100 p.s.i. Each truck delivering rockto | the ide 
the fill paused en route under a - diameter nozzle so that the contents of of the - The 
truck were wetted and the voids in the truck body filled with water. When | yo 1. The 
_ dumped the wet rocks with water slid down the wetted face of the fill, tended Rt wee 


to drag the fill down and maintained velocity in falling to the bottom. 
n the 
~ _ This method of watering was adopted in the first « case because of the diffi mek? 
_ of obtaining sufficient water. The Leichhardt River is dry almost the 4 i soThe 
wh whole year and the only water available was in a small water hole immediately q wie b 
downstream of the dam site. ‘The water pumped from this hole and used aa | grout 
facilitating consolidation was ‘drained back into the water hole and recirculat- _ | ~ No 
: 4 ed. The method of filling trucks with water was continued when the excellent théeall 
There has been no measurable settlement in the fill since it was s complet- 
e. ed. Certainly the dam has not yet filled because of low rainfall and ru run- off — , ieaceie 
though it has some forty feet of water. the lez 
_ The calculated voids in the dam amount to 30% of the total volume. 
an. _ The dam was faced by selecting ‘stones from the fill and packing in plac 4 eos 
by hand for a thickness of about 2'. This surface was then covered with ge 
ae lean (10:1) sand-cement mixture using a cement gun. On this surface form- ? 
peel work and scaffolds were set up and panels of reinforcing mesh placed. | 
forming held dumb-bell type rubber strips surrounding each panel, 
which was approximately 30' square. surface sand-cement mixture (3:1) 
a was then placed by cement gun, the thickness varying from 6" to 4°, After ae S| Ph 
ie placing the surface was sprayed with curing wax covered with sheetsof = | 
hhessian and kept damp for three weeks, oh 
Some fin cracks have appeared in the surfacing where exposed ed to the air 4 ‘liens: 
but they are ‘unlikely to allow of leakage. 
The dam has performed very ens to date and there is no evidence ia 


rt 4 
The site is in solid rock, was drilled and grouted. iit little grout 
i ~ could be injected to a depth of 30'. (It has been found by subsequent drilling | © 


isolated cavities occurred in the silicified limestone 
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in times of rain, and it was proposed to construct the dam in the period be- ‘ 
tween June and November when rain rarely falls. 
were spillway was excavated, on the southern bank and the whole of the 
i material required for the construction of the dam was obtained f from the _ i 
y The total excavation was 100,000 cubic yards and the fill in the « dam a 
-— The | fill was made by dumping from 12 yd. . trucks loaded by a 3 c. - mea 
‘ shovel. The maximum depth of fill at any one time was 30' but generally | ae : 
; was used. _ The dumping was done with care to maintain the designed slopes, -— 
and the procedure was exactly as described for the Leichhardt River dam _ 


_ except that the rock was sluiced as it was dumped from the truck and on the 


Ling 


: dump using two 1- 1/2" nozzles. Generally the quantity of water was equal — 
= to twice the rock volume. Water for sluicing was obtained from a large wate 


a 


hole immediately upstream of of the dam site. ™ The trucks were not filled with — 

water, as at Leichhardt River Dam, | until the fill was almost finished, when 

the idea of filling the truck was developed. 
The voids in the fill were » calculated at 32% of the total volume. 

ai The facing of the Corella River Dam wae the same as that at the ei 

River and the methods used were identical. Rubber water stops were not used - ; 

in the joints, a bitumenous filler was used formed the reinforce= 


dam has performed well it has not yet filled. 


wid 1956, and the maximum settlement recorded during construction on 
any stage ofthe fillwas0.02 feet. 
te Leakage has been small but consistent and | has been proven to pass on 
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| and Lower Bear River Dams (Proc. Paper 1737) on the design of their peat a 5% 
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J. BARRY COOKE, 1} M. ASCE. .—The authors have presented a valuable an 
‘aman paper on what is presently the world’s highest concrete face ae 
- rockfill dam. They have graciously made references to the influence of the 
"design and performance of Pacific Gas and Electric Company’s Salt Springs ac 


-Paradela Dam and o on the selection of the type of dam. However, the design : Se 


_and construction of P.G. and E.’s Wishon and Courtright Dams proceeded con- 
currently with that of Paradela Dam, , and it is the purpose of this discussion _ 
to. compare briefly the design and construction of P.G. and E.’s recent — 2 ] 
concrete face rockfill dams with that of Paradela Dam. 


struction of the Wishon is in Paper 1746 of 


"Foundation and Cutoff 


‘The > weathered granite ‘foundation of Paradela is ve 
cellent granite bedrock at the sites of the P.G. and E. dams. The use of a = 
concrete bed under the placed rock and the use of the gallery and drains in 
- the cut off wall at Paradela is considered a prudent and logical difference. At ae 


“me 
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The with the authors? reasons f for the moderate Garvaters, in 
| plan and that curvature is important in the central and lower portion of the BS ai 
dam. However, the term “arch action” may not best describe the favorable 
action of the curvature. The curvature should be such that the resultant ‘“e 
settlement normal to the face will always leave a slight upward curvature. Pied . 


More than this minimum curvature in the lower and central area of the face 


aS 


a. Proc. Pape Paper 1958, by Luis Henrique Fe 
Oliveira, , and Nuno de ‘Vasconcelos i 
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Lower bear Vam the placed rock was beaded in concrete al some 10Cal 
" | zones of adverse slope or inferior quality of bedrock to improve effectiveness a: aca 
_ of grouting, provide insurance against a blowout, and to increase sliding 
| 
fg to push the face slabs toward the center of the dam. Greater than ahimen ee 
7 _ | curvature at and near the crest is desirable for appearance and is satisfactory — aw 3 
| since water pressures are nominal in the upper portion of the . A line a. ee il 
—— 


across the face will one to several inches due to the “flattening” 
the face caused by the settlement. _ The placed rock lateral contacts are 
es certainly not adequate toe even tend to resist ‘such shortening of one to several 
{oo _ inches in a several hundred to a thousand foot length by “arch action”. What | 
iss visualized to occur is a closing of joints due to the distance between ad- ae 
- jacent vertical joint lines being shorter after settlement. The amount of each 
- doint closing from this cause may be computed from the differential movement 


slab move about the same distance there is s no joint ¢ closing. from this 
cause. _ Near the abutment where differential movement is greatest the joint | 
closure due to this cause is greatest. The tendency to close particularly the — 
vertical joints near the abutments favorably tends to offset the opening my x 
those joints by the basic rockfill movements described by the authors later | . 
ame of Paradela and is economically constructed with the use of “face lifts”. 
we _ Substantial cost savings were made at Wishon and Courtright due to the steep 
_ - upstream slope and to the use of face lifts. ‘The moderately more conserva- 
_ tive upstream face slope at Paradela may in part be due to the authors’ not > fe 
wanting to break other precedents along with the very major precedent they © 
were establishing in maximum height of this type of dam. The downstream _ 
_ slopes of all three dams have resulted essentially in 1.3:1 slopes in the upper 
_ portion and 1.4:1 slopes in the lower portion even though layouts and con- — Se 
struction lifts were different. This occurs because of the characteristic of 
rockfills dumped from high lifts to be steeper at the a than near ei bottom 
of the e dumped slope, described by the authors. 


"The placed rock at Paradela is substantially thicker than that at Wishon — 
a and Courtright. Comparative thicknesses for Courtright and Paradela are re- 
na spectively: at top, 7.8 and 10 feet; at 100 feet down, 7.8 and 15 feet and at — 

— 290 feet down 11.6 and 24.5 feet. The writer believes that the modern nwell 
po - sluiced and interlocked rockfill of large ‘rocks is as competent as placed rock 
rs for upstream slopes of 1:1 and flatter, and that a minimum thickness of placed 

a rock is satisfactory. ‘The major saving at Wishon over previous designs was 
in the thin placed rock, since placed rock of Wishon Specenennane and in wi 


= ratio may be ) much smaller. It would be of interest to know | the production ot. 
“4 rate in 1 cubic yards per 8- hour crane shift at Paradela as well as the above 


iy. & a it is of ‘minimum thickness, and thus ac adds costs that are not obviously charge- 
Pes able to the placed rock. _ The writer wonders if the much thicker placed rock 
4 at Paradela might not be due to lower cost in Portugal and the unprecedented 
; height of dam m and not to an emphasis on its importance by the ‘designers. ae 
i ee - The authors describe the method of placing rock from cranes on the e placed 
rock and the difficulties in supplying the cranes with rock and in removing 
y - the fines that accumulate on the surface of the ‘dumped rock as a result of 2 
a supplying the placed rock from the face of the dumpted rock. . Experience : at 
‘Salt Springs and Lower Bear River was similar; the “face lift” method was 
adopted at Wishon and Courtright to avoid those troubles, give greater pee 
mobility to the | cranes and in general | to lower tl the cost of slameed rock. ol . 
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The authors ms slides of rockfill . 


etc. ” The writer has observed surface slides during dumping where the whole 
_ dump surface may be in motion in a re- arrangement of surface rock. The Bess. 


- dumped slope is very irregular and contains zones of steeper than the average — - 
nt 2 dumped slope. Occasionally a load or a large sliding rock would set off ~*~ if a # 
surface slide. However, from the writer’s observations these slides are on 
By: the surface and they do ‘not endanger the rear tires of the dump truck. . They — — 
J y certainly provide a valuable service in compaction of the fill and they oy NN é 
“4 to the high sh shear ‘Capability of the rockfill since the energy and vibration do _ : As ; 
not start a more substantial than surface slide. Does this agree with 
n | nature of slides on the particularly high lifts of Paradela? 
‘The thickness of slab and reinforcing is much the for all high 
this type and experience has indicated the accepted design to give satis- 
» i factory service and long life. The design features that can vary greatly are 
: : joint arrangement, spacing and design. The factors of height of dam and cc : Ae i 
“ ‘reservoir operation are of major importance in their influence on t the — ee ae | a 
“mic sp spacing and design of joints. The magnitude of movements increases es 
4 rapidly in the 150 to 350 foot height range. More care in design and ~ a = 
cost is necessary for joints that may be-unwatered only by impairing normal 
reservoir operation or for joints that may never be unwatered. Wishon reser- 
voir will normally be drawn down to one-half depth each year, but could be be oh: a. SF 


completely unwatered in October of any year should it be necessary. _ she peat = @ 
Courtright reservoir level will normally be lowered to only 30 feet below full a 
reservoir level each year with dry cycles requiring nearly full unwatering 
once in perhaps six years. In comparing the joint spacing and details of _ 
-Paradela and Wishon, the joints at Paradela are more closely spaced, "eee 
elaborate and better. The application of the above basic design criteria as 
well as the » lower labor costs at Paradela are believed to be the reasons. ence 
~ An important consideration regarding the impervious face of this type of ra 
_ dam is that cracks and leakage do not affect safety and, should they occur, the : é 
LS membrane i is accessible. If leakage occurs, and represents an economic loss, 

e | the trouble can be located and can be rey repaired under water, or in the dry | dur- ie e. 
. ing a normal or specially scheduled lowering of the reservoir. Since the main io Fe 
3 _ settlement and movement of the dam takes place during and shortly after _— — 
first | filling, repairs ‘made after that time should be later 


_ The concrete face at Paradela has the same reinforcing as used at be pelle ie 


e- 
k Face Slab Thickness and Reinforcing 
Ke 
d a other high dams of the concrete face type. The theoretical thickness of f ae: i 
_ slab at Paradela of 1 + 0.00735h compares with 1 + 0.0063h for Wishon. How- "te ; 
eg 1 ever, the difference in manner of placing rock results in a greater actual db i 
2 7 _ average thickness at Wishon. At Paradela the placed rocks are laid with _ oe 
a | surfaces a approximately flush to the plane of the face which reduces the amount 
i of concrete outside the design thickness. |The faces at Dix River and age ; 

|| Serings were similarly well laid when labor cost in this ‘country was relatively ‘is 


™ and concrete relatively anpanaive. _ The economic pats at Wishon was — 


— 
a 
— 
— 
—— 


April, 1959 
to use large 1 rocks and high waste cranes and to use minimum hand labor. 


This results in a stepped and irregular surface and high production per crane _ 

; shift, that gives minimum cost of placed rock with some pay in excess 


K The vertical joint spacing of 49.; 3 feet at Paradela is closer than the ote 
42 spacing , at Wishon. ‘The horizontal joint ‘spacing is 32.9 to 49.3 feet at ay 


Paradela and 32.8 to 62.4 feet at Courtright. The top two slabs at Wishon are 
77.8 feet long since the broad even profile should not not produce differential — 
settlements in the upper r portion of the dam and the e economy is considered — Sal 
possible. The maximum spacing of joints at Wishon and Courtright is con- 
sidered important it economically tor make large minimize 


Joint Wishon were a the requirement only a smooth 
asphalted surface of specified width. This effected 


bah 


the inter- 


. secting joints both open, such a crossing is essential to prevent tearing 
- If only one joint opens, or if both joints close, ‘such a crossing is not 
“necessary. ‘At Paradela the 1.3:1 face slope and the dumping of the rock of aa 
Stage 3 over Stage 2 tend to produce opening of the upper horizontal joints and 
- measurements of Fig. 8 of author’s paper indicates horizontal joint openings 
to have occurred. e Also, at Paradela the hinge slabs having a “soft joint” on 
all sides can move to permit opening of both intersecting joints. The “seals ia 
Bey. piece” is is necessary for for many of t one joint i intersections at Paradela. iu 


copper r of the joints” is s carried through the intersection to permit 
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_ perimetral joints to open if they choose to. The “seals crossing piece” was 


i considered not to be necessary at Wishon and Courtright and was not used, a 


_ The writer considers the Paradela joints to be particularly seal ae, ay 
: _ ‘The location of the copper above slab centerline in all joints at Paradelais 
; better than below. Any loading that might develop would be on the bottom edge — 
i ol the f the slab and not on the to top edge. To have the main reinforcing below | the a 
a copper and in the thicker portion of the slab that is divided by the copper is ie 
= fundamentally desirable and costs no more. The important vertical joints are 
essentially of the same . The joints | at both Paradela 


| 
= 
— 
q 
ar f all horizontal joints. i 
ae = face was predicted to result in closing o so 
ta 
4 
5S e O Silt ©, Maville a Shape £ 
i rizontal joints will all close. The — 
since it was predicted that t off joint is considered 


‘ak 


_ “soft” joints, whereas at Wishon they are cold joints to provide lines of zero _ 
_ shear and moment and to resist movement, thus minimizing movements of | B 
_ the main slabs. However, the joints are asphalt mopped and do containU 
_ shaped copper with some asphalt filler to permit opening and offsetting. The 
i- 


ssibility of crushing. The soft perimetral and connecting j 


_ designed and constructed that they can in all probability take the movement _ 
_ An engineer reviewing and comparing the Papers of this Symposium on the 
concurrently designed Paradela and Wishon-Courtright Dams, might conclude — 
that there are substantial differences in the design thinking behind the two eis j 
dams. It is the writer’s belief that the differences are not at all fundamental 
but are logical products of the differences in foundation conditions, heights, 
labor costs, reservoir operating schedules and other factors. The unprece-_ 
dented height of Paradela would certainly have a major influence on design __ 
and tend to prevent the departures from previous practice made at Wishon 
and Courtright. It is hoped that the author’s closing discussion will clearly = 
point out any differences in fundamental design consideration, should there ge 
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— 
Ry 4 
J zontal joint and the lack of a “seals crossing piece” at intersections, but may © ae bah 7. 
| ; Paradela may result in greater joint movements but all the joints are so well [AeA s. _ 
a 
| 
— 
/ 
| 
‘measurements and other observations taken after the reservoir was filled and > an - 
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ROCKFILL DAMS: PARADELA DAM— - FOUN 


features associated with the sealing of a permeable foundation below 
_ the cut-off wall in a deck-type rockfill dam with concrete face. The grouting _ 
scheme adopted for Paradela Dam would appear to deal with tl these 


Pe 1. The full hydraulic head from the reservoir at capacity must be met by pals 
iD To very small zone of soil or rock around the contact _" of the cut- 
‘It is to detect and stop grout leakage at the of the rock- 
ear that one effective means of stopping grout leakage at 
the base of the rockfill would be the placement of grout covering the desired — 
\ iz area with a grout blanket of suitable thickness. This has been done in ‘some oay 
cases although perhaps not with deck-type rockfill dams using a concrete > rs.) 


4 


, a rather expensive method of achieving a satisfactory grout curtain. Would aie 
P. the author care to comment on the relative cost of the grout curtain carried — e 
- out from the gallery in the concrete cut-off as ‘compared with one cteee out he 
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